





The Journal of 
Laboratory and Clinical 
Medicine 


Vou. 56 Avcust, 1960 No. 2 
CLINICAL AND EXPERIMENTAL 


ANTIHYPERTENSIVE PROPERTY IN RENOPRIVAL 
HYPERTENSION OF EXTRACT FROM RENAL MEDULLA 
Kk. KE. Muirieap, M.D., F. Jones, M.S., ano J. A. Stirman, M.D. 

Derrroir, Micu., AND DALLAS, TEXAS 


WitH THE TECHNICAL ASSISTANCE OF B. Brooks 


Explanted renal medulla appears to protect against accelerated re noprival 


hu mortension. The resent observations mere desiaqned to test u he they an extract 
41 I 


of renal medulla is protective against accelcrated renoprival hypertension. All 


Groups tested had undergone bilateral nephrectomy followed by saline and 
dictary protein daily. The de velopment of renoprival hypertension was blunted 
Mm a group of 11 doas which reecived the medullorenal extract in a dose of 
2.5 ml. po kilogram pa day. lecelerated re noprival hypertension appearcd to 
be prevented in ? doas when the dose of the cxrtract was inercased to 5.5 ml. per 
kilogram per day. Two control groups were used. One had undergone nephrec- 
tomy alone, and one had undergone nephrectomy and reccived an extract of 
urinary bladde if Both controlling groups developed hypertension. 

The medullorenal catract seemed to lower the blood pressure of dogs with 
renoprival hype rtension. The extract also appe ared to prevent the dé velopment 
of renoprival hypertension when the experiment was extended for 9 to 10 days. 

The results suggest that the substance in renal medulla which appears 
to protect against ré noprival hype rtension is extractable. Past expe riences 
with renal extracts, however, indicate the need for much more work before 


such a possibility can be conside red de finite. 


ENAL autoexplantation appears to protect against renoprival hypertension 
when whole kidney or renal medulla is explanted to the peritoneum and 
when renal medulla is explanted to the lungs.t Under these conditions, the ex- 
planted renal tissue contains viable appearing, clear epithelial cells which form 
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tubules, clumps and elusters within a connective tissue stroma. When renal 
cortex, liver, or spleen is explanted to the peritoneum, protection against 
renoprival hypertension does not occur. The explanted renal cortex undergoes 
generalized atrophy. These results suggest that renal medulla contributes to the 
antihypertensive function of the kidney. 

Based on these observations, an extract of renal medulla has been prepared 
and tested in animals subjeeted to renoprival hypertension. Results obtained 


with the extract are presented in this article, 


MATERIAL AND METHODS 
Mongrel dogs (males and nonpregnant females), weighing about 10 kilograms, were 
used throughout ‘these experiments. 
Preparation of Evrtract From he nal Vedulla. The medulla Was obtained by stripping 


the capsule from the kidney immediately after its removal, and cutting the kidney into 


serial cross sections about 38 to 4 mm. in thickness. With the cross section on its. side, 
the cortex was separated from the medulla precisely at the vascular areh by means of a 
straight razor blade (see Fig. 1). Care was taken not to inelude cortical tissue with the 
medullary particles, The segments of medulla were placed in about pia mi. of chilled Gey *s 






A ’ 
8 c 
Fig. 1. 1, Cross section of a dog’s kidney. The three layers are discernible: outer 
cortex, middle-outer medulla, and inner medulla or papilla. The fibrovascular portion is 
attached to each side of the papilla. B, Cross section as cut precisely at the vascular arch 
The lower piece has the outer and the inner medulla together. This was the portion made 


into an extract. C, Clear appearance of the crude medullorenal extract as used in the experi- 
ments 


solution which contained 1 per cent urea. The blender was operated for 1 minute and the 
contents were poured through a 82 mesh wire strainer into a beaker. The remains on 
the strainer were returned to the blender along with 25 ml. of the Gey’s urea solution. 
The blender was operated again for 1 minute and the contents were strained and added 


to the first 25 ml. portion. This second residue was washed with 25 ml. of Gey’s urea 
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solution and the washings were added through the strainer to the solution in the beaker. 


The extract was centrifuged until it became cell free. The supernatant was made up to 
a volume of 100 ml. by the addition of the Gey’s urea solution, The final extraet was 
divided into 25 mil. portions and kept frozen pe | €,.). Before use, the extract was 
thawed and centrifuged. Throughout the preparation, care was taken to maintain chilling 


of the tissue and extract. 


The amount of renal tissue used in preparing the extract represented about 25 per cent 


of the whole kidney by weight. Thus, for 18 kidneys the average weight of the entire 
organ was 25.5 grams, and the average weight of medulla obtained amounted to 6.64 grams, 


or an average of 26 per cent of the kidney by weight. 


Plan of the Exrperiment.—All the animals were managed in a similar manner, The 
approach was the same as formerly used.) The control arterial pressure was obtained 
over 4 to 7 days. The average of the pressures obtained during this time was used as 
the base-line pressure, After this, both kidneys were removed under open drop ether 
anesthesia through an anterior abdominal ineision. \fter the nephrectomies, the animals 


were fed a daily diet whieh contained electrolyte-free easein, dextrose, peanut oil, and 


vitamins. The calorie content was 24 to 28 calories per kilogram per day (40 per cent 
protein, 30 per cent fat, and 30 per cent carbohydrate). The protein content by weight 
was 3 Gm. per kilogram per day. The animals were usually fed about 15 ml. of distilled 
water per kilogram per day. About one third of the water was given with the dietary 
formula. In addition to the diet and water, the animals were given physiologic saline 
| 


by vein, onee daily 16 ml. per kilogram per day, or about 2.5 mEq. sodium per kilogram 
per day for the group which underwent bilateral nephreetomy alone, and a volume of 
saline which added to the volume of extract made a total sodium intake of 2.5 mEq. 
per kilogram per day for the groups which reeeived extract 

The mean arterial pressure was measured twice daily by means of puneture of the 


femoral artery and a mereury manometer. The average of these determinations was taken 


as the daily value. Four days after the bilateral nephrectomy, the first phase of the 
experiment was terminated. Some animals were killed at this time; some animals were 
maintained for an additional 6 or more days by means of peritoneal dialysis; other animals 
were maintained without dialysis, but with the intake of the extract, the diet, and saline 
for an additional 5 to 7 days. 


There were five groups of dogs: 


Group | 11 dogs) received intravenously each day the medullorenal extract in a 
dose which averaged 2.5 ml. per kilogram per day. 

Group II (7 dogs) received intravenously each day an average of 5.5 ml. per kilogram 
of the medullorenal extract. 

Group IIL (8 dogs) received 2.5 ml. per kilogram per day of an extract prepared 
from the urinary bladder. 

Group IV (10 reeently studied dogs and 28 dogs of a former series?) received onl) 
he diet and saline after bilateral nephrectomy. 

Groups IIE and IV served as controls for Groups I and ITI. The extract of the 
irinary bladder was prepared precisely as the extract of the renal medulla. After both 
kidneys were removed, a purse-string cotton suture was placed about the lower segment 
f the urinary bladder. After the cotton suture was secured, umbilical tape was_ tied 
0 it and also seeured about the bladder. The major portion of the bladder was severed, 
placed in Gey’s urea solution, and extracted in the blender, The average weight of urinary 
ladder used in preparing the extract was 7.7 grams. 

Group V (5 dogs) consisted of animals with renoprival hypertension in whom an 
ttempt to lower the arterial pressure was made by giving the medullorenal extract intraven- 


usly. 
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The plasma urea concentration was determined by an urease method.4 The hematocrit 
reading was obtained by Wintrobe’s method.5 Dialysis was performed as previously de 


seribed.6 The turnover of peritoneal fluid was 2 L. per day. 


lnalysis of Data.—The changes in mean arterial pressure were fitted to a straight 
line function by the method of least squares. The regression coefficients were tested for 
linearity and the regression coefficients of the groups were compared = by ‘<¢"? test as 


deseribed by Batson. The correlation coefficient was tested against zero by ‘*t’* test. 
RESULTS 
The animals in the control groups (Groups IIE and IV) developed a sig- 
nifieant elevation of mean arterial pressure (Table IT). At 4 days the average 
elevation of the mean arterial pressure for each group was 28 mm. Hg. The 
slopes fitted to the data of these groups were not different from each other 


p=0.8). Both slopes were different from zero (p< 0.001 


Group I (2.5 ml. medullorenal extract per lilogram per day: Table 1). 
This group revealed a tendeney toward an elevated arterial pressure, Three 
of the 11 dogs revealed a peak elevation in the arterial pressure of +17, 
IS, and 25 mm. Ig, whereas the remainder revealed a peak value of 12 mm. He 
or less. The average inerement of the arterial pressure by 4 days was +9.9 
mm. Hg. These results are in contrast with those of the 10 dogs which underwent 
bilateral nephrectomy by itself, 8 of whieh had a peak pressure of + 22-50 mm. He 
and an over-all average increment at 4 days of +28 mm. Hg. The results also 
contrast with those of the group which received the extract of urinary bladder; 
7 of 8 of these animals had a peak pressure of 20 to 73 mm. He. The average 
pressure at } (lavs for the entire group which reeeived the bladder extract 


was also 28 mm. He. 


The slope fitted to the data of Group I was different from zero (p—0.001 
different from that after bilateral nephrectomy alone (p=0.025), and different 
from that of the group whieh received the extract of urinary bladder (p—0.04). 

The results with Group T may be considered as indicating some protection 
toward accelerated renoprival hypertension by the medullorenal extract when 


given in the 2.5 ml. per kilogram per day dose. 


Grroup IL (5.5 ml. medullorenal extract per kilogram per day; Table 7). 
None of the dogs of this group developed a peak elevation of the mean 
arterial pressure which exceeded +13 mm. Hg. In most instanees the arterial 
pressure either remained near the base line or assumed a slightly negative 
value. The average change in arterial pressure at 4 days was -0.8 mm. Hg. 
A slope fitted to these data vielded a negative value which was not different 
from zero (p=0.1). This slope was also not different from the slope of the 
other group which received the extract (p=0.1). There was a difference be- 
tween this group and the eontrol groups, IIT and TV (p=0.01 to 0.005). The 
larger dose of medullorenal extract appeared to proteet completely against 
accelerated renoprival hypertension during the 4 days of study. When the 
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results with this group are compared with those of Group I, a dose effect 
for the extract is suggested sinee the larger volume of extract injected, the 
more definite the protection against hypertension. 


Ertended Survival of Nephrectomized Dogs.—Fig. 2 reveals the state of 
the mean arterial pressure when the animals were observed for 9 to 10 days. 
In the upper panel (A) there is depicted the results with 2 dogs; both received 
the medullorenal extract for 4 days (2.5 ml. per kilogram per day). The extract 
was then discontinued and the animals were subjected to peritoneal dialysis 
while the protein containing diet was continued. Intake and output of fluid 
during the dialysis was 11,500 ml. and 8,850 ml. for dog 1039, and 11,910 ml. 
and 10,085 ml. for dog 1042. Both animals developed a prompt elevation of 
the mean arterial pressure (-40 to 50 mm. Hg) when the extract was diseon- 
tinued. This experiment was conducted 6 times with similar results. In the 6 
experiments, the average daily results for the arterial pressure in mm. Hg 
while the extract was given were —-4.8, +1, 69, and +11. After the extract was 
discontinued, the average daily pressure became +18, +32, +38, +39, +40, and +36 


mm. He. 
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Fig. 2 {, Change of the mean arterial pressure during and after cessation of the 
laily injection of the medullorenal extract (2.5 ml. per kilogram per day). The arterial pres- 
sure was promptly elevated when the extract was discontinued B, Protection against reno- 
prival hypertension when the extract (5.5 ml. per kilogram per day) was injected for 9 days 

In the lower panel (B) of Fig. 2 is shown the state of the arterial pressure 
when 2 dogs were given the protein diet and saline plus the medullorenal extract 
».9 ml. per kilogram per day) for 9 days without dialysis. In 4 days there 
was no ehange in the arterial pressure after which the pressure was minimally 
‘hanged. This experiment was repeated 3 times. The average daily arterial 
pressure for the 3 experiments was: —8, —5.6, +1.6, +3, +8, +9.6, 411.6, and +10 
om. Hg. It required 28 normal kidneys to supply the amount of extract used 
n these 3 experiments. 

The results are consistent with a protective influence toward renoprival 
ypertension for more than one week’s time by the larger dose of the medullo- 
enal extract. 
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MUIRHEAD ET AL. 
TABLE I 
CONTRO! LANGE N 
3LOOD PRESSURI MM. 
MM. HG 1 2 
Kg. Daily Dose Extract. 
125 0 +10 
115 +10 7 
105 12 12 
120 5 +10 
115 3 5 
122 0 +13 
122 12 6 
130 g 3 
115 0 +10 
118 13 2 
115 8 0 
117 3.6 2 
Ka. Daily Dose Extract 
115 0) 7 
100 5 a) 
119 ] +13 
115 0 7) 
115 20 5 
119 15 
120 - 8 3 
115 7 3.5 
and II are arranged in like manner. 
weight during the days after 
was derived from the average of the 2 


Ha 


daily 


SSUl 


relates the 


+10 


control 


nephrectomy 


pressures 


The 


In the latter 3 experiments at the end of 8 days the plasma urea concentra 
tion and hematocrit readings were 1,069 mg. per 100 ml. and 9.0 per cent for 
dog 1056, 1,021 mg. per 100 ml. and 17.5 per cent for dog 1057, and 1,159 mg. 
per 100 ml. and 33.0 per cent for dog 1063. 
able to walk about and respond to various stimuli. 


Yet at this time these dogs were 


There was weakness, but 
drowsiness was minimal or absent, and up to this day the animals were able to 
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TABLE II 
CONTROL CHANGI ARTERIAL PRESSURI 
WEIGHT BLOOD PRESSURI MM. HG 
DOG NO. A wt. Ka. MM. HG 1 2 3 4 
Group lit: Extract of Urinary Bladder (2.5 m Ka./day). 
1045 14.0 117 5 415 25 28 
0.6 
1046 10.4 115 23 37 +47 73 
0) 
1048 10.9 125 () +47 85 +32 
:0.3 
1070 11.6 126 1 2 ! 14 
+().2 
1052 9.5 126 6 4 24 +17 
4 
1053 9.8 130 15 +10 +20 2 
+(),2 
1054 Yeh 122 7 8 +38 +38 
1055 9.6 125 5 0) 22 +20 
0.7 
Average 10.3 123 Le +15.2 +26.9 28 
0.14 
Group IV: Bilateral Nephrectomy. 
830 6.4 100 0 +15 23 20 
) 
925 9.6 118 + 7 +14 2() 22 
(0) 
930 11.7 110 25 +39 50 20 
1.2 
961 Yi 105 +15 +20 25 30 
0.2 
967 6.6 115 1S +45 15 35 
0.1 
968 9.6 105 +15 +15 +15 +35 
0.4 
946 9.1 118 5 0 
0.4 
949 11.8 150 30 - 8 +15 +10 
955 8.9 120 +15 +23 +35 +40 
0,2 
S86 8.4 120 5) 20 +13 +23 
0 
Average 8.9 116 9.7 +17.9 23.3 +26 
0.25 
Average 9.3 115 +10 +17 24 +28 
38 dogs 0.2 
TABLE IIT. STATISTICAL ANALYSES OF VARIOUS GROUPS 
p 
(GROUP 
VERSUS P P 
SLOPE BILATERAL | (GROUP | (EXTRACT P 
(MM. HG/ | STANDARD | NEPHREC- | VERSUS VERSUS VERSUS 
GROUP DAY ) ERROR TOMY BLADDER )| EXTRACT ) ZERO 
Bilateral nephrectomy 
Group IV 7.478 2.59 < 0.001 
Bladder extract 
Group III 7.542 2.18 0.8 < 0.001 
Medullary extract 
(2.5 ml./Kg./day 
Group I 2.134 1.13 0.025 0.04 < 0.001 
Medullary extract 
(5.5 ml./Kg./day) 
Group II -C.191 1.32 0.005 0.01 0.15 >0.1 
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retain the diet (see Fig. 3). The weakness could be ascribed as much to the 
anemia as to the uremia. It would seem that these animals were able to with- 
stand the extreme coneentration of urea in the body fluids (about 1 per cent) 
to a much better extent than previously recorded.® 


_ 


>» 
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Fig. 3 Dog 1068 on the ninth day after bilateral nephrectomy, at which time the 
plasma urea concentration was 1,159 mg. per 100 mil During the 9 days, this animal received 
each day sodium parenterally, protein by diet, and the medullorenal extract by vein. Alto- 
gether, 18 injections of the extract were given (25 ml. each) without reactions On the ninth 
day the animal was weak, but able to walk about and respond to stimuli in a normal manner. 

(rroup V (Lowering Renoprival I ypertension by Medullorenal Extract). 
In 3 experiments in which relatively large volumes of medullorenal extract 
were infused into dogs with renoprival hypertension, the arterial pressure 
was lowered. These experiments varied and will be deseribed briefly. 

Experiment 1 (dog 955, weight 84 kilograms): The left ureter was con- 
nected to the inferior vena cava as previously deseribed.'® ** Four days later 
both kidneys were removed under ether anesthesia. The medulla from both 
kidneys was separated (total weight 33.7 Gm.), extracted, and the extract was 
frozen and stored. The control mean arterial pressure over 4 days, prior to the 
renal ablation, was 120 mm. Hg. During the 4 days after the bilateral nephrec- 
tomy, the animal was given the protein diet and saline as described. The arterial 
pressure changed as shown in Fig. 4. After 4 days, the mean pressure was 160 
mm. He (+40 mm. H[e). At this time the animal received intravenously, over 
a period of 40 minutes, 150 ml. of the medullorenal extract derived from its own 
kidneys. Ten minutes after the infusion started the animal vomited once, ex- 
pelling a small amount of vomitus. There was no other reaction. While the 
infusion was given, the mean arterial pressure was elevated to 200 mm. Hg 


(+80 mm. from base line). Thereafter the arterial pressure dropped as shown 




















\ e 5¢ ANTIHYPERTENSIVE EXTRACT OF RENAL MEDULLA we 


in Fie. 4. One and one half hours after the termination of the infusion the 


arterial pressure was 135 mm. Ile 1 mm, Ie), and at 4+ hours it was 130 
mm. He (:10 mm. He). In the following 48 hours the arterial pressure re- 


mained near the control level. At this time the animal was killed. At autopsy 


nao @Yoss lesions were detected. 


20} a . . 


a 2 4 & € 
ays 
Fig } Rapid change of the mean arterial pressure when a large volume of the medul- 
orenal extract Was given to 2 dogs which displayed renoprival hypertension The recession 
of the hypertension is very similar to that observed when a donor kidney is grafted onto a 
, Vith renoprival hypertension See text for detailed deseription 
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dog with renoprival hypertension 
injection of the smaller 
larger dose was associ- 


Fig. 5 Changes of the mean arterial pressure when a 
vas Injected with 2 different doses of the medullorenal extract The 
iose Was associated with a labile state of the arterial pressure and the 
ted with a recession of the pressure to the base line (control) value 


Eerperiment 2 (dog 1043, weight 7.1 kilograms): The animal in this experi- 
For 4 days after bilateral nephrectomy, 
The control 


nent is among those of Group I. 
nedullorenal extraet was given (3.5 ml. per kilogram per day). 
rterial pressure was 115 mm. He; after 4 days it was 140 mm. He (+25 mm. 
lle). Thus, the extraet did not afford as much protection against the hyper- 
ension during this time for this animal as with other animals of this group. 
\fter 4+ days the extract was discontinued and peritoneal dialysis was instituted 
or + additional days; 7 L. of fluid was placed in the peritoneal cavity and 
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6,540 ml. was removed. At the end of the time the mean arterial pressure was 
180 mm. He (+65 mm. Hg from base line, and +40 mm. He from the time the 
extract was discontinued). At this time 150 ml. of medullorenal extract was 
infused intravenously within 35 minutes. The extract was derived from the 
medulla of the 4 kidneys of 2 other dogs (total weight of medulla extracted 
38.9 grams). There was no reaction. The mean arterial pressure receded in 
the following fashion (see Fig. 4+): -15 mm. He in 2 hours, -20 mm. He in 4 
hours, -30 mm. He in 27 hours, 40 mm. He, or back to the level at the start 
of the dialysis, by 48 hours. During these 48 hours peritoneal dialysis was con 
tinued (5,600 ml. of fluid put in, and 4,600 ml. recovered). Two days later the 
animal died. At autopsy the widespread vascular lesions of fulminant reno 
prival hypertension’? were encountered. 


Erperiment 3 (dog 1048, weight 10.8 kilograms): This animal began as a 
member of Group III. For 4 days after the renal ablation the extraet of the 
animal’s own urinary bladder was given intravenously along with the additional 
saline and the protein containing diet. The mean arterial pressure changed 
from the control level of 125 mm. He to +47 mm. He in the second day, and 
35 and +32 mm. He on the third and fourth days. At this time peritoneal 
dialysis was initiated, the diet was continued, and, in addition, the animal was 


given medullorenal extraet by vein (2.5 ml. per kilogram per day). During the 
first 4 days of dialysis 10,700 ml. of fluid was introduced and 9,180 ml. was 
removed, The arterial pressure became labile (see Fig. 5). On the first day 


after the extract was started, the arterial pressure dropped from 
Ig; on successive days it changed to +40, +17, and +27 mm. Ig. 


32 to +13 mm. 


At this time (eighth day after bilateral nephrectomy) the dialysis and dict 
were continued, but the dose of the medullorenal extract was doubled (5 mi. 
per kilogram per day). In the next 4 days of dialysis 10,400 ml. of fluid was 
introduced and 9,050 ml. was removed. The mean arterial pressure receded to 
the control level by the twelfth day. Throughout the entire period the body 
weight remained steady. 

On the twelfth day this animal was alert. The stools were semisolid. On 
the thirteenth day the animal deteriorated and died. At autopsy there was a 
massive intussusception. There were also seattered gross hemorrhagic lesions 


in the left ventricle. The other organs appeared normal grossly. 
DISCUSSION 


The coneept that the kidney exerts an antihypertensive function has been 
iterated in different ways by various workers since the epochal experiment of 
Goldblatt.° Different approaches to such a concept are well emphasized in 
three sections of the Proceedings of the Conference on Basic Mechanisms 0] 
Arterial Hypertension recently edited by S. W. Hoobler.*'® The difficulties 
in attempts to resolve certain of the proposals relative to an antihypertensive 
renal function have also been recently reaffirmed by Floyer,* and by Page and 
associates.'* Despite the obvious difficulties in this area, it may be appropriat 
at this time to re-emphasize four general approaches utilized in recent years in 
support of an antihypertensive renal function. 
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The four approaches to be considered have been derived by experiments in 
which both the dog and the rat have been used. The experiments not only sup- 
port an antihypertensive funetion of the kidney, but in addition, may be inter- 
preted as indicating that such a funetion is nonexeretory in type. 

1. After bilateral nephrectomy,'® °° hypertension (termed ‘‘renoprival’’) 
develops. Renoprival hypertension is potentiated by sodium salts®:?? and by 
dietary protein??? in a manner similar to experimental ‘‘renal’” hyperten- 
SION. 


2. Intaet renal tissue without an exeretory outlet (such as after uretero- 


eaval anastomosis) is not associated with hypertension.“’ 74 Even when sodium 
and dietary protein are given to the animal, protection against hypertension 
occurs when the ureter is connected to the inferior vena eava.t’ ™ 

3. Renoprival hypertension of the dog is promptly ameliorated when the 
eireulation of the hypertensive animal is connected to intact normal kidneys by 
homogenous renal transplants,?° or by a renal perfusion arrangement.*® Similar 
results have been derived with animals with experimental renal hypertension.?’ 

$. Explants of whole kidney or renal medulla seem to protect against 
renoprival hypertension, whereas explants of renal cortex are not protective.’ 
These observations have been taken to indieate that renal medulla exerts an 
antihypertensive function by nonexeretoryvy means. 

The focusing of attention on the renal medulla as a possible source of an 
antihypertensive renal funetion made the testing of crude medullorenal extracts 
in the renoprival state a natural sequence. The experiments presented here 
were designed to test the influence of a medullorenal extract on the develop- 
ment and management of renoprival hypertension. 

There have been several attempts in the past to extract from kidneys a 
substance with antihypertensive properties. These attempts have been insuf- 
ficiently confirmed and have not met universal acceptance. 

In 1940, Grollman and coauthors*®® ** deseribed the preparation of an ex- 
tract of whole kidney which appeared active in lowering the arterial pressure 
f animals which had been made hypertensive, and of a few human patients 
vith hypertension. The preparation was considered to be aetive when given by 
uouth as well as parenterally. In 1940, Page and co-workers*”: *' also deseribed 
xtracts of whole renal tissue which lowered the arterial pressure of the hyper- 
tensive dog, rat, and man. Shoek-like reactions were observed. Schales and 
ssociates,*? as well as Goldring and Chassis** were unable to confirm the effee- 
iveness of renal extraets on the hypertension of man. Sehales and associates, 

ioreover, considered the transient lowering of the blood pressure a result of 
onspecifie effects, including reactions. Stevens and co-workers** also noted 
erious reactions when renal extracts were used in the treatment of human and 
nimal hypertension. The transient lowering of the arterial pressure was con- 
dered a result of the reactions which seemed to be, at least in part, caused by 
hypersensitivity state. Rodbard and Katz* also noted that reactions to de- 
enerated renal tissue caused the lowering of the arterial pressure of hyper- 


nsive animals. More recently, Hamilton and Grollman*® have reinvestigated 
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the role of extracts derived from whole kidney in experimental hypertension. 
The process of extraetion and administration involved steps which differed from 
those of the presently considered preparation. 

Even so brief a review of the use of renal extraets in experimental and 
essential hypertension is sufficient to temper one’s interpretation of experiments 
such as the ones reported here, although these experiments are entirely different 
from those previousls reported different in the sense that the extract has been 
derived from a special area of the kidney (medulla) and thus far, used only 
in the renoprival state. 

The results of the present experiment appear to indieate that an extract 
of fresh renal medulla obtained by homogenizing the renal tissue (under chilled 
conditions, in Gey’s solution whieh contains one per cent urea) has antihyper 
tensive properties. The extract so prepared seems innocuous when given rapidly 
by vein. In this connection it should be emphasized that care was taken to 
exelude renal cortical tissue from the preparation. In our experience, renal 
cortieal tissue is the source of highly toxie products when given intravenously.’ 

The interpretation that the medullorenal extraet possessed antihypertensive 


properties was derived by three separate means: 


1. Under circumstances where the nephreetomized animal became acutely 
hypertensive (dietary protein plus sodium), other animals treated in the same 
manner and without kidneys were proteeted against hypertension when the 
medullorenal extraet was given intravenously each day. That these results were 
not due to a general deterioration of nondialyzed, nephrectomized animals was 
shown by the comparison with the controls and by the apparent well-being of 
the animals at the end of 4 days. Moreover, it was demonstrated that the 
animals whose results were analyzed for 4 days were able to survive for 6 or 
more days and eontinued to be able to walk about, respond to stimuli, and 
retain the diet. Weight loss was no ereater in the Groups which reeeived ex 


tracts than it 


the control groups, and seemed less than in the control groups 
for the one group which received the larger volume of extract. 

The results obtained when the medullorenal extract was given did not ap 
pear to be due to nonspecifie tissue effects since a similar extract of another 
tissue (urinary bladder) did not protect against renoprival hypertension. 

It may be signifieant that the greater the quantity of the medullorenal ex 
tract infused daily, the more definite the protection against renoprival hyper 
tension. Thus, a dose effect on the part of the extract was suggested. 

2. By the continued use of the medullorenal extract it was possible to 
extend protection against renoprival hypertension over 9 to 10 days. Thus, the 
protection over 4 days’ time appeared to be a true protection rather than a non 
specifie alteration of the evolution of the hypertension. 

3. When the medullorenal extract was given to animals with renopriva 
hypertension the mean arterial pressure dropped when a large volume of the 


extract was infused (see Fig. 4). The prompt reeession of the arterial pressur 
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to the base line was similar to that observed when a homogenous renal trans- 
plant was grafted onto the animal with renoprival hypertension.*” When lesser 
volumes of the extraet were given daily it required 2 to 4 days for the arterial 
pressure to recede. 

Partieularly striking in these experiments was the apparent well-being for 
1 week or longer of animals without kidneys, in the absenee of dialysis and 
while receiving sodium, protein, and the medullorenal extract. The clinical 
preservation was evident despite plasma urea levels of one per cent or higher. 

The net effect of the presently reported observations is the suggestion that 
the substance in the renal medulla, which appears to protect against hyperten- 
sion, is extractable. In view of past experiences with renal extracts,?**" much 


more work is needed to plaee sueh a possibility on secure grounds. 


SUMMARY 


A erude extract of renal medulla has been demonstrated to protect against 
the development of renoprival hypertension for periods up to 9 to 10 days. The 
same extract has been shown to lower the blood pressure of animals with reno- 
prival hypertension. The indieations that these effeets are due to a_ specific 
influence by the extracts have been discussed. In view of past experiences with 
renal extraets in hypertension, additional observations are needed to make these 


conelusions secure. 
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DIFFERENTIAL ANALYSIS OF THE STAGES OF HEPATIC 
EXCRETORY FUNCTION WITH GAMMA EMITTING ISOTOPES 
I. Merriops AND VALIDATION 
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Radioactivity over the 1 afte travenous injicetion of 1[131-labeled rose 


bengal (RIRB) nerceascd ap dly, then platcaued for a bricf pe od and finally 


det ned, Th initial and final phas e were erponent al PrOCESSES and could be 
quant tated as rate phenom na of ‘* uptake > and **‘ercretion.’’ When uptake 
ate was meds cd simultancously with the rate of emoval of dye from the blood 
and cxrerction rate with the ate of accumulation of duc n duodenal contents, 
the C was qood Corre lation. Rati S of ptale and ercretion were reproduc ible in 


individual subjects, pro ded that collimation and position nga were controlled 


ca fully. With the same pre sion, ¢ ade nce was obtained bu studying pat ents 

th surgically emoved aa bladders who ore undceraoing constant remo al of 
duod al contents via a naive 1a aastroduodenal tube that radiation from 
dye i} the aall bladder and intestines did not affect results s qnificantly. A 
] car dose CSPouse clationsh p esulted from continuous measurement of he patie 
adioactivity durina repeated intravenous injections of 1[131-labeled human serum 
albumin (RISA). Calculations based on this relat onship and the plasma removal 
rate of RIRB ndicated th adioact tu of [1 labeled rose bengal in he pat 
blood affected the meds cd he pat ( uptake ate of dye only neal aiblyu. It s 


concluded that the t hin qite of caternal measurement of RIRB n the li er 78 @ 
reproducible, meaninaful method fo quantitating rate phenomena of he patie 


7 ” , 
ercretion under earefu ly controlled conditions. 


F nari phthalein dyes such as sulfobromophthalein and rose bengal are 
removed efficiently from cireulating plasma by the parenchyma of the liver 
and are exereted in the bile in high eoneentration. The use of these substances 
over the past forty vears has improved clinical understanding and diagnosis 
of liver disease and has contributed to an ever-widening knowledge of hepatic 
excretory mechanisms. In recent vears the substitution of the gamma emitting 
isotope oft iodine. |! - tor the iodine in the rose bengal moleeule has extended 
the usefulness of this dye by permitting its direct measurement in the liver 
of intact man in the resting state. 
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Since gamma rays penetrate tissues, the concentration of I'-labeled rose 
hengal (RIRB) in the liver may be recorded by placing a sensitive radiation 
detector over the liver after the intravenous injection of a tracer dose. As 
long as the I'*? remains in the rose bengal molecule, continuous recording should 
provide a reliable means of following the dve during its excretion Iyy the liver. 
Such a technique was introduced by Taplin and collaborators,! who analyzed 
the records semiquantitatively and considered the method a valuable test. of 
liver function. Others have repeated this work but the superiority of the 
method over other tests of liver function is econtroversial.2-* Lowenstein® ob- 
served that the hepatie accumulation and subsequent diminution of radioae 
tivity after intravenous injection were exponential processes and quantitated 
them as rate phenomena of uptake and exeretion. In our laboratory, studies 
were undertaken to evaluate the radioactive rose bengal teehnique as a_ re 
producible quantitative tool for the investigation of hepatie excretory mech 
anisms. ' 

Before using the radioactive rose bengal technique as a physiologic tool, 
however, certain theoretic objections required evaluation. First, the physies 
of body counting in the region of the liver may introduce variables from 
patient to patient or in a given patient examined in different positions. Some 
of the possible variables are distanee from the radiation source in the liver to 
the detector, differential densities of the tissues between liver and detector, 
and anatomic variations which alter the backseatter, absorption, ard energy 
of the radiation which reaches the detector. Second, radioactivity from dye 
in the blood circulating through the liver, and also from exereted dye in the 
gall bladder and small intestine, may reach the detector and alter results. 
Third, in spite of the obvious interpretation of increase in hepatic radioactivity 
as ‘‘uptake,’’ and subsequent decrease as **excretion,’’ it appears desirable to cor 
relate these phenomena with other measures of hepatie exeretory funetion. This 
report, accordingly, presents studies dealing with (1) the dose-response of I' 
in the liver, (2) the effeet of radioactivity of the dve in the blood passing through 
the liver, (3) the correlation of rate phenomena with other indices of uptake 
and exeretion, and (4) the reproducibility of the results. 


MATERIALS AND METHODS 


Gamma radiation was measured by a scintillation counter with a 1 inch thallium ac 
tivated sodium iodide crystal connected through a rate meter to an Esterline-Angus recorder. 
Collimation to afford directional control of selected areas of measurement was provided by 
recessing the detector 15 em. into a lead cylinder, the walls of which were 2 inches thick. As 
shown in Fig. 1, this collimation excluded 90 per cent or more of radiation arising in zones 
9% cm. lateral to, or 36 em. removed from the mouth of the collimator. Radiation from a 
source outside the collimated recording zone may be deflected into the detector but it loses 
energy in the responsible collisions (backscatter). To evaluate the contribution of such back 
scatter, the described apparatus was duplicated and a pulse-height discriminator was added 
for some of the studies. This instrument rejected radiation of low energy, and reduced ti 
zero the backseatter from a point source of [)%1 in water outside the unshaded collimated 


zone shown in Fig. 1. 
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Patients in the fasting state were examined 


n the supine position, The collimator was 
tilted 20 degrees from the vertical with its mouth directed toward the patient’s head, was 
lowered until its dependent brim touched the patient ’s skin, and was so placed that the center 
of the collimated zone (line OO’ in Fig. 1) pointed at the upper border of liver dullness, o1 
just below it, in the right midelavieular line. In no case was the lower edge of the eollimated 
zone less than 


”? inches above the costal margin. The line of contact of the collimator with 


the chest was traced on the skin with a wax pencil to serve as an indicator of movement by 


the patient. 





+10 
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CM 
Fig. 1 Collimation of the detector The crystal (X) was recessed into the lead cylinder 
( The curved lines were drawn between points at which a point-source of I produced 
equal measurements of radioactivity The percentage figure indicates the proportion of radio 
ictivity measured along each line relative to radiation measured in the mouth (M) of the 
collimator as 100 per cent Outside the central unshaded area, less than 10 per cent of a 


source of TM! can be measured The axis OO’ represents the center of the collimated measur 
Inger Zone 


\fter background radiation was measured for 5 to 15 minutes, 1131-labeled rose bengal 


vas diluted with 0.9 per cent saline solution and injected intravenously in a dose of 5 or 
10 we. Hepatie radioactivity was recorded continuously until the exeretion limb of the reeord 
appeared steady, a period of usually one hour. Background radiation was subtracted from 
the total radiation counted and the difference was plotted on semilogarithmic paper for 


graphic analysis of uptake and excretion rates. 

The dose response relationship of [131 in the hepatic blood volume to external hody 
counting was determined in six subjects, five with no evidenee of liver disease and one with 
mild cirrhosis. The gall bladder was absent in four, nonfunctioning in one, and normal in 
one, Human serum albumin labeled with [1181 (RISA) was used to determine dose-response 
relationships because the bulk of this substance stays in the blood for two hours or more 
after its intravenous injection, and because it produces a constant counting rate by external 
hepatic measurement after an initial mixing period7,& (Fig. 3). Multiple injections of 


*Disodium salt of tetrachlorotetraiodofluorescein, color index No. 779, in excess of 88 per 
cent purity prepared by Abbott Laboratories, Oak Ridge, Tenn. 
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RISA were made at intervals of 10 to 45 minutes and compared with the net increments in 
external counting rate. Doses were estimated by measuring the radioactivity of the syringes 
before and after injection. 


The effect of radioactive iodine in the hepatic blood (as opposed to 1151 in hepatie 
parenchyma) on the uptake rate of RIRB was studied in five of the six patients in whom 
dose response data were obtained and in three other subjeets who received a single dose of 
[131-labeled human serum albumin. The gall bladder had been removed in two and was 
nonfunctioning in the third. One had portal cirrhosis. Doses of RISA and RIRB were 


measured by estimating radioactivity of the syringe before and after injection. From the 


linear dose-response relationship determined by RISA in a given subject, calculation was 
made of the theoretic radioactivity that RIRB would produce in the hepatie blood immediately 
after its injection (time zero) if mixing of the dye were instantaneous and no uptake by 
hepatic parenchyma occurred. The plasma removal rate of RIRB was determined by measur 
ing the concentration of radioactivity in multiple blood samples obtained within 12 minutes 
after the injection of dye and by plotting the values semilogarithmically against time. The 
removal rate of RIRB from plasma was then applied to the figure of radioactivity theo 
retically attributable to RIRB within hepatic blood vessels at time zero to determine to what 
extent the apparent uptake rate of RIRB was affected by the presence of radioactive dye in 
liver blood. 


> > 


The uptake rate of RIRB determined by external hepatic monitoring was compared 
with the removal rate of RIRB from the plasma, and the exeretion rate was compared witl 
the rate of accumulation of RIRB in the bile of five of the previously mentioned subjects 


without a functioning gall bladder, five additional patients* who had undergone choleeystec 


tomy and two with a nonfunctioning gall bladder. Four of the 12 had portal cirrhosis. 
Bile samples were collected by duodenal aspiration, but since preliminary studies had indicated 
that biliary collections from a Levin or Diamond tube in the duodenum were incomplete,” 
sulfobromophthalein, a relatively nonabsorable substance in the small bowel of man,® was 
used as an indicator to correet actual recoveries of RIRB from the duodenum. The teehniqu 
of this procedure has been deseribed.9, 10 Bile was collected in 30 minute samples over a 
period of 38 to 5 hours. The dose of RIRB, 5 or 10 pe, was delivered with a calibrated syringe 
and a precise duplicate dose was prepared to serve as a standard. The radioactivity in eael 
sample of bile was compared to the standard and expressed as per cent of administered dose. 
Reproducibility of the technique of external estimation of hepatie uptake and excretion 
of RIRB was studied in six normal subjects. A second dose of RIRB was injected intra 


venously one to two hours after the first, and the results were compared. 


RESULTS 

Rates of Hepatic Uptake and Evcretion._After the intravenous injection 
of RIRB, continuous recording of hepatie radioactivity revealed a rapid in- 
erement over a period of 30 minutes, followed by a short steady interval and 
a final slow decline. When plotted on semilogarithmie paper against time, the 
final phase was exponential. Presumably this late exponential rate of decline 
also oeeurs during the early rapid process of increase, and the rate of inerease 
must be correspondingly corrected. The late exponential slope of decreasing 
radioactivity was therefore extrapolated back to zero time, and the differenc 
between this extrapolated line and the early rapid rate of increasing radio- 
activity was calculated at multiple time intervals. The differences so measured, 

*These patients had had their gall bladders removed from 6 weeks to many years prior to 
study. Patients with T tubes in the common duct were not examined because in preliminary 


studies collections from such patients proved incomplete, and because recent operations or the 
presence of the T tube could affect the excretion of bile. 

















Volume 56 HEPATIC EXCRETORY FUNCTION: METHOD OF MEASUREMENT IS) 
Number 2 


when plotted semilogarithmieally against time, also revealed an exponential 
function. Expressed as mean half-time plus or minus standard error of mean, 
the early rate of increasing radioactivity, uptake in 20 studies in 14 normal 
subjeets was 7.6 + 0.5 minutes, and the late rate of decline (exeretion) was 
S1 + 6 min. In eight normal subjeets without a eall bladder and with bile 
constantly removed from the duodenum during the test i.c., choleeystie and 


intestinal sources of radiation eliminated or minimized), half-time of uptake 








was 7.7 + O.4 minutes and of exeretion was 92 9 minutes. The differences 
between the two groups are not statistically significant (p O.8 and > 0.3). 
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Fig. 2 The dose-response of IT! in hepatie blood to external measurement. Hepatic 
> radioactivity was recorded continuously during administration of repeated doses of RISA given 
at intervals of 10 to 45 minutes to 6 subjects The net increments in radiation were plotted 
cumulatively against the cumulative dose \ linear relationship was obtained in a= given 
subject 


Despite the preeautions taken to control artifacts in the monitoring pro- 
cedure, changes in counting rate over the liver produced by body movement 
were observed frequently. Raising the knees or placing the arms under the 
head completely invalidated any attempt to quantitate the record, but slight 
movement of legs, arms, or head was without effect. The necessary restriction 
of movement was tolerated by the subjects for approximately 1 to 1144 hours 


but subsequently became inereasingly distressing. 


Dose-Response to I!" in the Liver—The dose-response relationship of RISA 


in the hepatie blood volume to the counting rate ever the liver is shown in 
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Fig. 3 Observations and calculations for determining the effect of radioactivity in 
hepatic blood on total hepatic radioactivity 1, Effect on counts measured over the liver pro- 
duced by giving 3 doses of RISA followed by 1 of RIRB. Area enclosed in the box is ex 
panded to show calculations in C of this figure. B, Radioactivity in serial samples of plasma 
after intravenous injection of RIRB The rate of decline is the plasma removal rate of RIRB 
Cc, From the plot of the dose-response curve obtained by the successive injections of RISA, 
the increase in radiation after an injection of RIRB could be predicted, assuming that mixing 
of the dye was instantaneous and no removal by the liver took place This predicted re 
sponse was plotted (point O), and the plasma removal rate of RIRB was applied to this 
value (line OX) The radioactivity expressed by line OX. was then compared to the observed 
radioactivity (line AY) to determine the contribution of radioactivity of RIRB in hepatic 
blood to total hepatic radioactivity 
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Fie. 2. Considerable variation occurs from individual to individual, but there 
isa constant linear relationship in a single subject who remains in one position. 

Bifect of RIRB in Hepatic Blood.—Beeause a linear relationship may be 
expected in a given subject between radioactivity within the liver and external 
measurement of this activity, it is possible to predict the theoretic contribution 
of a dose of RIRB in hepatic blood to the observed total radioactivits in the 
liver if the response to a dose of RISA is determined first. The proeess ot 
ealculation is illustrated in Fig. 3 and the results are given in Table I. If 
the peak of the eurve which depiets radioactivity in the liver after RIRB 
injection is taken as the end of the uptake phase, the contribution by intra- 
vascular hepatie radioactivity is one tenth of the total hepatie radioactivity at 
21 + 2 (standard error of mean) per cent of the time required to reach the 
peak, and nil at 32 + 5 per cent of the time required to reach the peak. In 
this group of subjects, the mean time required to reach peak coneentrations 
of radioactivity in the liver after injection of RIRB was 36 + 4 minutes. This 
mean interval was lengthened beeause there were 2 patients with cirrhosis in 
the group, but the relationship between the duration of a considerable con- 
tribution by hepatic intravascular radioactivity and the duration of the period 


of uptake was similar in normal subjects and in those with liver disease. 


TABLE I.) EFFECT OF RADIOACTIVITY IN HEPATIC BLOOD ON TOTAL HEPATIC RADIOACTIVITY 
INTERVAL, ; ; 
wise Sid EFFECT OF RADIOACTIVITY IN HEPATIC BLOOD 
PEAK* 10% OF LIVER ACTIVITY NONE 

PATIENT | AGE SEX MIN. MIN. % PEAKt MIN. % PEAK 
Ba 42 I" 25 1.5 18 5.5 22 
Zo 2 M 28 4.0 14 is 16 
Jo 33 ik 2 13.0 30 24.0 57 
Pe 78 M 16 5.3 12 9.0 20 
Br 74 M 10 11.0 28 19.0 48 
Bi 22 I 24 6.0 25 10.0 2 
Mi 13 M 23 4.8 21 5.5 24 
Vi 67 > 58 11.0 19 16.0 28 
Mean 36 7.4 21 ee 32 
+ §.D. ll 3.0 5.9 6.7 14 
+ S.E.M. 1.2 Be 2.2 2.5 5 


‘Time between injection and maximum radioactivity in the liver. 


*Time expressed as per cent of the time between injection and maximum radioactivity 
in the liver 


Correlation Between External and Internal Rate Determinations.—As others 
have shown,''*'® the rate of removal of radioactivity from plasma after injection 
of RIRB was an exponential process. Accumulation of radioactivity in bile 
aspirated from the duodenum was plotted on semilogarithmic paper as the 
cumulative per cent of the injected dose against time. Subtraction of this 
figure from 100 per cent, its asymptote, and replotting of the difference pro- 
duced a straight line, indicating an exponential process for the rate of RIRB 


accumulation in duodenal contents. All exponential processes, i.e., the rates 
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of hepatie RIRB uptake, of hepatic RIRB exeretion, of plasma RIRB removal, 
and of RIRB accumulation in bile, were expressed in terms of half-times. As 
shown in Figs. + and 5, when hepatie uptake rates were plotted against plasma 
removal rates, and hepatic excretion rates were plotted against rates of accumu 
lation of RIRB in bile, there was a high degree of correlation and the regression 


approached unity in both instances. 
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Fig. 5 The correlation between rate of accumulation of RIRB in bile collected from the duo 


denum and hepatic excretion rate of RIRB determined by external measurement 


Reproducibility of External Rate Phenomena.—Duplieate rates of hepatic 
uptake and excretion of RIRB by external monitoring in six subjeets are given 
in Table Il. The difference between each pair of means is not significant 
(p < 0.1 and > O.8). 


DISCUSSION 

The data indicate that external measurement of radiation which emanates 
from the liver after the intravenous injection of RIRB is a reproducible tech 
nique for the quantitation of the rate of hepatic uptake and excretion of ross 
bengal if conditions are well controlled. After injection, there is a rapid ex 
ponential period of hepatic uptake of dye, followed by a brief interval wherein 
uptake balances excretion, and a final exponential phase of exeretion. The 
exponential nature of uptake and of exeretion suggests that each is determined 
by a single rate-limiting reaction or process. Although the nature of such 
limiting processes is unknown, possible mechanisms, such as those suggested 
by earlier studies with anionic dyes in experimental animals,'* liver. slices,' 
blood, '*** and bile,’® '? may be investigated direetly in the liver of intaet man 
in the basal state by the RIRB technique outlined. 
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The high degree of correlation between hepatie uptake rate of RIRB and 
plasma disappearance rate of the dye, long used as a measure of dye uptake 
by the liver,’ ?* 75 does not necessarily establish identity of the two responsible 
functions. Nevertheless, the quantitative relationship over a wide range of 
values in subjeets with a normal liver, as well as those with liver disease, 
suggests that closely related if not identical phenomena were measured. The 
close correlation between hepatie RIRB exeretion rates and those of RIRB 
accumulation in bile also suggest that similar functions were being measured 
by these two techniques, but the techniques as used do not permit differentiation 
between hepatie cellular exeretory rate into the bile capillary and flow rate in 
the biliary channels. Measurement of the accumulation of radioactivity in the 
duodenum under the conditions used must primarily reflect the rate of bile 
flow; with respeet to exeretion of dye from hepatie parenchyma into bile 
capillaries, the values obtained provide at most an expression of a minimum 
rate of exeretion, 

Since the method of external monitoring might measure stray radiation from 
sources outside the liver parenchyma, the RIRB technique was performed on 
some patients in whom the gall bladder had been removed or was nonfunctioning, 
and in whom dye excreted into the small intestine was constantly removed 
via a duodenal tube. The quantitative reproducibility of the results in subjects 
with and without gall bladders and constant duodenal aspiration demonstrates 
appleability of the method to normal subjects when collimation and positioning 
of the counting apparatus are rigidly controlled. Moreover, the reproducibility 
of the teehnique indicates that alternating function and nonfunection of in- 
dividual hepatie lobules, if it does occur, does not invalidate the method. 


TABLE II. REPRODUCIBILITY OF UPTAKE AND EXCRETION RATES 


UPTAKE RATE®* EXCRETION RATE* 
PATIENT AGE SEX CONTROL REPEAT | CONTROL REPEAT 
MK $7 M 9.2 7.0 34 39 
Ha 21 M 6.8 7.0 79 76 
Wo 27 i y ee 110 115 
MG 21 M 8.1 5p 66 71 
Kn 21 M 9.7 7.0 67 60 
Yo 21 M 8.3 6.8 87 71 
Mean 8.2 6.8 74 72 
+ $.D. 1.7 0.7 17 23 
+ S.E.M. 0.5 0.3 8 10 


*Rate expressed as half-time in minutes 


The linear dose-response relationship of radiation in the hepatic blood 
to external measurement further supports the validity of the method. More- 
over, the calculations based on RISA dose-responses and the plasma removal 
rate of RIRB showed that radioactivity in the hepatie blood was short-lived and 
was a negligible factor in the radiation attributed to the hepatie parenchyma 
during the early uptake phase after administration of RIRB. Indeed, when 


radiation exclusively in the parenchyma was plotted against time, merely the 
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first 5 to 6 minutes differed noticeably from the plot of total radiation. This 
was insufficient to alter the slope of the entire uptake curve when determined 
by graphie analysis in normal subjects as well as in patients with liver disease, 
in whom the prolonged period of uptake of dve balanced the somewhat more 
prolonged contribution of radiation in hepatie blood, 

Since removal of sources of artifacts by cholecystectomy, duodenal drain 
age, and pulse-height diserimination did not influence rate phenomena, the rigid 
control of collimation and movement used in this study appeared to have been 
effective. The observation of altered counting rates with movement, however, 
indicates the need for such rigid control and suggests that pitfalls might beset 
clinical use of this technique in the routine laboratory. The myriad variables 
which might affeet the physies of counting of a large and deeply seated organ 
such as the liver would seem to preclude reproduction of physieal and geometric 
constants in different patients and even in the same patient at different times. 
lor this reason absolute determination of radiation in the liver is probably 
not possible with current methods without also determining radioactivity in 
gall bladder and small intestine. Taplin and assoeiates'’ have deseribed a 
method of repeated short intervals of external monitoring during a sinele de 
termination of uptake and exeretion, but the physieal factors noted and the 
experience in this and other laboratories*® suggest that it might be an extremely 
difficult and capricious technique. By the use of a plastie body jacket rigidly 
connected to a counterbalanced collimator, or by the use of a foeusing collimator, 
however, it may be possible in the future to maintain rigid control of physical 
factors and at the same time permit the patient greater freedom of movement. 

Under properly controlled physieal conditions, the RIRB technique may be 
recommended as a valuable physiological tool with which to study hepatic 
exeretory mechanisms. The prineiples underlying the technique, moreover, 
are applicable to the study of any substance that can be labeled with gamma 
emitting isotopes without changing the behavior of that substanee in the body. 
Thus, it should be possible to study not only excretory products of the lives 


but other rate-limiting processes in intermediary metabolism. 


SUMMARY 


1. The intravenous injection of rose bengal labeled with I! RIRB 
produced a rapid inerease in hepatie radioactivity followed by a brief period of 
leveling off and a final decline. The initial and final phases were exponential pro- 
cesses and could be measured as rate phenomena of ‘‘uptake’’ and *‘exeretion.”’ 

2. The uptake rate correlated with the rate of removal of dye from the 
blood, and the exeretion rate correlated with the rate of accumulation of dye in 
duodenal contents. 


» 


5. With careful control of collimation and positioning, rates of hepatic 
uptake and excretion were reproducible in individual subjects. Evidenee was 
obtained, moreover, that radiation from dye in gall bladder and intestines did 
not affect the results significantly. 
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$. A linear dose-response relationship was observed between repeated 
doses of [''-labeled human serum albumin (RISA) and external measurement 
of radioactivity. Calculations based on dose-response of RISA, and on the 
plasma removal rate of RIRB indicated the radioactivity of I'*'-labeled rose 


bengal i 


hepatic blood negligibly affeeted the measured hepatic uptake rate 
ot dve. 

®. The technique of external measurement of ['*!-labeled rose bengal in the 
liver is a reproducible method for quantitating rate phenomena of hepatic 
excretion under earefully controlled eonditions. It should be useful as a_ tool 


for the investigation of hepatie physiology. 


We wish to acknowledge the services of Mrs. Mary Howe, Miss Norma Shnaper, and 
Miss Anne Davis for assistance in preparation of the manuscripts, and the services of Miss 


Marjorie Ellis for preparation of the illustrations. 
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DIFFERENTIAL ANALYSIS OF THE STAGES OF HEPATIC 
EXCRETORY FUNCTION WITH GAMMA EMITTING ISOTOPES 
ll. Arremprs ro ALTER RatTE PHENOMENA 


EDWIN ENGLERT, JR., M.D..* BELTON A. BurRRows, M.D., 
ND FRANZ J. INGELFINGER, M.1). 
Boston, Mass. 


Radioactivity over the liver was measured after the intravenous injection 
of radioiodinated rose bengal (RIRB) or radioiodinated Diodrast (RID), and the 
rates of hepatic uptake and cxreretion of the labeled dye were cal ulated, Intra 
enous dehydrocholate Oo sulfob omophthal in administered before the uptake 
phase slowed RIRB uptake for a limited time. Whether or not the timing of 
myjection permitted the effect on uptake rate to oceur, subsequent excretion of 
RIRB was slowed. Since delayed uptake did not explain the depressed Cxr- 
cretion rate, the deceleration was attributabl to competition which affected 
a storage mechanism. Compctition at several steps during hepatic exrerction of 
RIRB, sulfobromophthalein, and de hudroe holate suagacsted Common metabolic 
pathi aus for these substances in the li er. Larae doses of de hydroe holate given 
during the stage of RIRB caxecretion accelerated the ate of RIRB exeretion, pre 
sumably by inducing hudroc hole ENIS, Such administration of hydrocholeret c 
substances during the excretion stade of RIRDB accclerate the rate limiting 
mechanism which nor mally determines cacretion half-time, thus pe rmitting a 
new rate-limiting mechanism which affects the stage of hepatic storage to be 
measured. Rates of RID uptake-cxrerction were faster than those of RIRB, and 


different hepatic exeretory mechanisms foi the two compounds were indicated 


hy the studies. 


lik} hepatic exeretion of substances in the plasma entails complex phe- 
nomena—not only uptake and excretion by the liver cell, but also transport 
across the cell, a process that may include storage, release, catabolism, conjuga- 
tion, and preparation for excretion into the bile capillary. Information con- 
cerning these steps is sparse and even in the case of well-studied substances 
such as sulfobromophthalein and rose bengal, hepatic excretion has not been 
investigated in terms of its individual phases. An approach to the problem has 
been made available by the radioiodinated rose bengal technique’ and the 
demonstration that it is sufficiently reliable and reproducible under standardized 
conditions to be used as a physiologic tool.* 
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Services, Boston Veterans Administration Hospital, and Department of Medicine, Boston Uni- 
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external measurement of radiation in the liver after intravenous injection 
of rose bengal labeled with L'' (radioiodinated rose bengal, RIRB) was there 
fore used to separate rates of hepatic uptake and exeretion, and to assess the 
influence of various substances and conditions on these functions and on hepatic 
storage. In addition, the hepatie excretion of Diodrast labeled with I'! (RID 


Was Investigated and compared to that of RIRB. 


METHODS 


\ total of 112 observations were made in 46 subjeets (16 men, 30 women) ranging in 
age from 22 to 76 years. Included were normal volunteers, convalescent patients ready for 
discharge from the hospital, and ambulatory clinie patients with functional diseases or chronic 
organic diseases, Eleven subjeets had undergone cholecysteetomy in the past. Four indi 
viduals had mild to moderate anemia with volume of packed red cells 22 per cent in one and 
between S51 and 3S per cent in the others. There were two with controlled diabetes mellitus, 
one with chronie pyelonephritis, mild azotemia, and mild anemia, one with well-compensated 
portal cirrhosis, one with fatty liver, two with posthepatitis asthenia, one with nonprogressing 
sarcoidosis, one with nontropical sprue in remission, one with smouldering regional enteritis, 


and one with an ascites-producing uterine fibromyosarcoma and normal hepatic funetion., In 
the last four, serum albumin ranged from 2.4 to 3.38 Gm. per 100 ml. No hepatic, renal, 
endocrine, or metabolic impairment was present in any other subject, 

The instrumentation, collimation, positioning, and technique of the radioactive ros 
bengal test have been deseribed. Fasting subjects received an intravenous injection of 5 o1 
10 pe of RIRB, and hepatic uptake and exeretion of radioactivity were measured and re 
corded, Rates were calculated and expressed as half-times of uptake and excretion, — In 
studies of the stage of excretion, materials chosen as possible accelerators or inhibitors were 
administered between 25 and 205 minutes (average, 54 minutes) after hepatie radioactivity 
had reached a peak value and was undergoing a steady decline (Fig. 3). Recording was con 
tinued until it was evident that no change would occur or until a new, steady, and measurable 
removal rate became apparent. To study the effect of various agents on the uptake phase, two 
doses of RIRB were given. During the excretion phase of the first dose, a potentially competi 
tive agent was administered. Less than 15 or at 30 minutes later, the second dose of RIRB was 
given and recording was continued during its hepatic uptake and excretion (Fig. 1 

Drugs and dosage used were: sodium dehydrocholate (Decholin), 5 or 11 to 17 mg. per 
kilogram; sulfobromophthalein, 5 mg. per kilogram; iodipamide (Cholografin sodium), 5, 10, 
or 20 mg. per kilogram; nonradioactive or carrier rose bengal, 2 or 3 mg. per kilogram; 
heparin sodium 1 mg. per kilogram; probenecid sodium 11, 17, and 20 mg. per kilogram; 
cortisol 1 or 2 mg. per kilogram; chlorothiazide 12 to 15 mg. per kilogram; chlorpromazine 
hydrochloride 0.5 mg. per kilogram; fibrinogen-free—low-globulin plasma (Mulford solution 
which contained 4.1 Gm. of albumin per 100 ml., 500 mg. albumin per kilogram; and 
iodopyracet (Diodrast 10 mg. per kilogram. Administration was by intravenous injection 
over a 1 minute interval except that intravenous infusions of 15 to 30 minutes’ duration 
were used to give cortisol in 250 to 400 ml. 5 per cent dextrose in water, chlorpromazine in 
250 ml. 0.9 per cent saline solution, and 500 ml. of Mulford solution. The dilution of cortisol 
was sufficient to give a final ethyl alcohol concentration of 5 per cent. Patients who were 
receiving infusions of drug received, during the control study, an equivalent volume of diluent, 
5 per cent alcohol in 5 per cent dextrose-water in the case of cortisol, and saline solution 
in the ease of Mulford solution. 

Radioactivity in serial blood samples was measured in 8 tests of the excretory phase. 
Radioactivity in the skull or thigh was estimated during 15 studies of the excretory stage and 


12 tests of the uptake stage of RIRB 
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Four subjects .received RID in identical manner to those who received RIRB. 
Hepatic uptake and excretion of RID were examined before and after administration of non 
radioactive Diodrast, 1, 5, and 10 mg. per kilogram and nonradioactive rose bengal, 1 mg. 
per kilogram, 

Except for a brief chill in two cases, no untoward reactions occurred, Subsequent in 


vestigation revealed contamination of the intravenous solution with Aerobacter acrogenes 


in these two cuses, 


RESULTS 
Hepatic Uptake of RIRB.—The results of a typical study are shown in Fig. 
1, and the uptake rates after each drug are given in Table I. The per cent 
change between the half-time observed during the control period and that found 
after drug administration is plotted for each subject who received selected 
drugs in Fig. 2. 
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Fig. 1.—Effect of Decholin administered before injection of RIRB Control uptake and 
excretion rates of RIRB are shown in the first curve The patient then received dehydrocholate 
intravenously and immediately thereupon a second dose of RIRB 


B As compared to the control 
values, both uptake and excretion rates were delayed in the second curve. 


Uptake of RIRB administered within a few minutes of the injection of 
dehydrocholate or sulfobromophthalein was delayed markedly, but was un- 
impaired when the interval exceeded 15 minutes. The effeet of dehydrocholate 
was unrelated to dosage in the range studied, 5 to 17 mg. per kilogram. 

Variable effects on uptake were observed after the administration of 
Cholografin, probenecid, and heparin. In a single patient who received 5 
mg. per kilogram Cholografin, the rate was significantly* accelerated but it was 
prolonged in one of three who received 10 mg. per kilogram. Heparin 
appeared to accelerate uptake in all subjects but one, but the degree of this 
effect was significant in only two individuals. 

*The words “significant” and “significantly’’ have been used in this report to indicate a 
per cent change in uptake rate between control and test observations in excess of 30 per cent 
in an individual patient This figure was chosen because it approximates 2.5 standard devia- 
tions of the per cent change observed when duplicate doses of RIRB were given to normal 
subjects.2. The corresponding value for change in excretion rate was 20 per cent. In contrast, 


use of the customary form of statistical analysis may be identified by the accompanying “p 
value.” 
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Agents without significant effect on RIRB uptake were carrier rose bengal, 
cortisol, and ehlorothiazide. 

In single experiments, Diodrast was without effeet and chlorpromazine re 
tarded uptake. Intravenous albumin delaved uptake slightly; the serum albumin 
level was not elevated by the infusion of albumin in this patient. Uptake rates 
of RIRB in patients with anemia and hypoalbuminemia were in the normal 


range® except for one rapid value in each group. 
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Fig. 2 Change in uptake ind excretion rates of RIRB produced by various agents 
Rates after administration of an agent were compared to those obtained during the control 
period, and the per cent change was plotted for each subject Since the half-time varie 
inversely with rate i positive change indicates retardation and a negative change accelera 
tion Change in excess of + 100 per cent have been plotted as 100 per cent Dose of agent 
is indicated by white dot less than 5 me. per kilogram; black and white dot > mg per 
kilogram: black dot 10 mg. or more per kilogram. 


Radioactivity recorded externally from the sealp or thigh increased sharply 
after injeetion of RIRB. In 0.5 to 3 minutes, it began to decline, quickly at first 
hut then progressively less rapidly. Net radiation plotted semilogarithmieall, 
against time produced a eurvilinear line in which a definite straight component 
appeared briefly or not at all. Repeated subtraction of straight lines from. the 
eurvilinear data did not produce a clear initial exponential component sufficient 
in length for reliable measurement. Ilence, it was impossible to quantitate re 
moval curves of RIRB from cireulating blood by graphic analysis of radio 
activity reeorded externally from sealp or thigh. 

Hepatic Excretion of RIRB. 

A. Effect of agents given during stage of ercretion: A representative stud 
is shown in Fig. 3, and the exeretion rates of RIRB after each drug are giver 
in Table I. The per cent change between the half-time observed during thi 
control period and that found after drug administration is plotted for eae! 
subject who received selected drugs in Fig. 2 
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Large doses of dehydrocholate administered during the stage of excretion 
of RIRB accelerated the rate significantly (p <0.01; Fig. 3). The new rate 


was recorded for 20 to 84 minutes and was found to be exponential. The mean 
half-time of the new rate in normal subjects was 36 minutes as compared to the 
control rate of 76 minutes. In two, however, it decelerated again after 20 and 
39) minutes to a very slow or neoleible rate of exerction. The relatively constant 
level of hepatie radiation after the deceleration was four and ten times greater 
than background radiation. Small doses of dehydrocholate (5 mg. per kilogram ) 
administered similarly were without effect. 

Agents with variable effeet on exeretion were Cholografin, cortisol, and 
probenecid. In 3 of 5 subjeets who received Cholografin, results similar 
to those with dehydrocholate were observed, but no effect was detectable in the 
remainder, Probenecid produced acceleration in one subject and inhibition in 
another, whereas cortisol led to acceleration in two, inhibition in one, and no 
effect in two. 


No effect on excretion oceurred alter Injections ot earrier rose beneal, 
sulfobromophthalein, and chlorothiazide. In single experiments, heparin, 


chlorpromazine, and Diodrast also were without effect. 
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Fig. 3 Effect of Decholin administered during RIRB excretion. At the point indicated, 


ntravenous administration of dehydrocholate was followed by flushing of RIRB from the liver. 
idioactivity in serial samples of blood (insert) remained constant after Decholin 


The radioactivity measured in serial blood samples or recorded by external 
ionitoring over the scalp or thigh during the excretion stage increased 2, 2, 20, 
nd 30 per cent above preinjection levels after administration of Cholografin 
i four subjects. It remained constant after administration of dehydrocholate 


» four (Fig. 3), probenecid to one, chlorothiazide to one, nonradioactive rose 
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bengal to six, heparin to three, and cortisol to three. Ina single experiment with 
nonradioactive Diodrast, radioactivity in blood rose 45 per cent. 

Patients undergoing a chill demonstrated a prompt increase in the exeretory 
rate of RIRB. The half-time of exeretion fell from 90 to 36 minutes in one 
patient and from 96 to 15 minutes in the other. 


HV 76yrso* 




















> 
Sa 5 
- Tr 
= eo nIGH 
a ioe 
. iia 
2 S*] 
20 60 100 
Rose 
i5qRID Bengal Diodrast 
= a 4 
—-e oA 
=> O el = 
me x 64 t/2 ° ‘ 
Oo x 6 « enmin « 
a Ss t/2 life 
4 oO 44 5§.8min amin 
oO 0 
x 
LIVER 
2 ——- + 
fe) 20 40 60 80 100 
MINUTES 
Fig 1. Effect of nonradioactive rose bengal and nonradioactive Diodrast on hepatic 
excretion of [I-labeled Diodrast (RID) At the points indicated, the nonradioactive materials 
were given intravenously Rose bengal was without effect but carrier Diodrast flushed RID 


from the liver. Radioactivity in the thigh rose 15 per cent (insert) coincident with the flush 
of RID from the liver Note the rates of hepatic uptake and excretion of RID are faster than 
those of RIRB although the total amount of RID entering the liver is less than that of RIRB 

B. Effect of agents given before the stage of ercretion: When dehydro- 
cholate was injected before RIRB, the excretion of RIRB was retarded in every 
instanee (Table I; Fig. 1). The degree of this effect was small in two subjects 
however, and the mean change was not statistieally significant (p = < 0.1). 
Cholografin and sulfobromophthalein produced similar delays in exeretion but 
the extent of this effect was significantly different from control values in only 
one-half of the small number of subjects tested. 

Agents without significant effect on excretion of a subsequent dose of RIRB 
included earrier rose bengal, heparin, probenecid, cortisol, and chlorothiazide 
In single experiments, Diodrast accelerated excretion and chlorpromazine had 
a similar albeit slight effect. 

Hepatic Uptake and Excretion of I’*!-Labeled Diodrast——A typieal stud) 
is illustrated in Fig. 4, and the exeretion data are presented in Fig. 5. Th 
mean rate of hepatic uptake plus or minus the standard error of the mean o! 
RID was 4.7 + 0.8 minutes and the mean rate of excretion plus or minus the 
standard error of the mean was 55 + 4 minutes in five studies. Both rates wer 
faster than the corresponding rates of RIRB,* but the total amount of radiation 
in the liver was far less than that produced by the administration of RIRB 
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In one subject, a second dose of RID produced uptake and exeretion rates of 5.8 
and 69 minutes, compared to 5.5 and 47 minutes after the first injection. 
Nonradioactive rose bengal administered to one patient 2 minutes before a 
second dose of RID reduced RID uptake rate from 5.8 to 4.0 minutes but did 
not alter subsequent RID excretion. Rose bengal administered to three subjects 
during the stage of hepatie excretion of RID had no effect (Fig. 5). External 
measurement of radiation in the thigh during RID exeretion was similarly 
unaffected when nonradioactive rose bengal was injected (Fig. 4). When non- 
radioactive Diodrast was injected during the phase of RID excretion, the effects 
varied with the dose (Fig. 5). One milligram per kilogram of nonradioactive 
Diodrast, given to one subject, did not alter RID excretion or the radiation level 
in the thigh. Five milligrams per kilogram, given to another subjeet, increased 
the exeretion rate of RID, and thigh radiation rose hy 1) per cent (Fig. 4). 
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ch subject receiving the agent listed The shaded area indicates the mean + 2 S.D. of the 
tlue determined in the series of 5 control observations shown in the first box. The dose of 


ch agent is indicated by: white dot less than 5 mg. per kilogram; black and white dot 
me. per kilogram: black dot 10 mg. or more per kilogram 


lwo subjects received 10 mg. per kilogram Diodrast with similar results, the 
‘adiation in the thigh rising by 7 and 25 per cent. In each instance in which 
he rate of exeretion increased, the acceleration continued until radioactivity 
emaining in the liver was reduced to two or three times the background level. 
xeretion then slowed to a neeligible rate. 


DISCUSSION 


When an agent or procedure alters the curve which characterizes the 
‘cumulation and disappearance of RIRB from the liver, the effeets may be 
nalyzed in terms of (1) the nature of the mechanisms responsible, and (2) the 
ep in the sequence of RIRB uptake-excretion that is affected. The retarded 


ptake of RIRB produced by dehydrocholate, for example, could be ascribed to 
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one or a combination of three mechanisms: saturation, competitive inhibition, 
and noncompetitive inhibition.* Saturation would slow RIRB uptake if the 
capacity of the cellular system for handling dehydrocholate, RIRB, and related 
substanees were overtaxed. This is a distinet possibility because the dose of 
dehydrocholate in each subject exceeded 6 uM per kilogram, the amount of rose 
hengal necessary to saturate uptake mechanisms of this dye in dogs. 

As a seeond possibility, dehydrocholate might have competed with rose 
bengal for the uptake mechanisms. That dehydrocholate is taken up prefer 
entially to anionie phthalein dyes by the liver has been suggested in the past.' 
Evidence exists, moreover, that the process of hepatie uptake is a physicoehemi 
eal one,> and that the property of protein binding of the uptake substance with 
both intracellular protein and serum protein is of eritieal importanee.-'’ Bile 
salts are known to combine strongly with protein" and to displace rose bengal 
from albumin.’ Finally, noncompetitive inhibition of RIRB uptake could have 
taken place, but the brevity of effeet and lack of relation to dose argue other 
Wise, 

The administration of dehydrocholate during the stage of RIRB exeretion 
enhanced the rate of disappearance of dye from the liver. Inasmuch as vaseular 
radioactivity remained eonstant, it may be assumed that dehyvdrocholate flushed 
RIRB into the bile and did not release intracellular RIRB into the blood. The 
effect may be attributed to the hydrocholeretie action of dehydrocholate—in 
ereased flow washed bile which contained RIRB from the intrahepatic biliary 
tree into the duodenum. Small doses of dehydrocholate had no such effect 
With fluorescent microseopie techniques, Hanzon reported that bile salts moved 
fluorescein, another phthalein dye, out of the cell in addition to flushing the bile 
capillary itself.’ Ifenee, it is also possible that dehydrocholate increased. the 
transfer rate of RIRB from cell to bile capillary. 

The slower and prolonged exeretion of RIRB effected by giving dehydro 
cholate prior to RIRB could have been eaused by impairment of any one of 
several steps in the handling of dye by the liver. The most obvious explanation 
is that the delayed exeretion mainly reflected delaved uptake. This possibilits 
is unlikely because the late effeet of dehydrocholate on RIRB exeretion occurred 
whether or not dehydrocholate affected uptake. Thus prolongation of RIRB 
exeretion occurred in subjects who received dehydrocholate 30 minutes or more 
before RIRB, with eonsequent normal uptake, as well as in those who received 
it just before RIRB, with subsequent delayed uptake. Since plasma levels 
remained constant during the exeretion stage, a displacement of RIRB into 


the blood during this period is also unlikely. 


*\ competitive inhibitor is a substance which retards a physicochemical or biochemical 
process by competing with the intended substrate for the active center of reaction Its com 
bination with the center is reversible and the inhibition is strictly dependent on the relative 
concentrations of substrate and inhibitor. In contrast, a noncompetitive inhibitor blocks or 
ilters the active center by one of several mechanisms to prevent the reaction with substrat: 
This action is usually irreversible and the inhibition is dependent solely on the concentratior 


of inhibitor Saturation of a chemical process occurs when substrate concentration exceed 
the availability of active centers The reaction proceeds maximally and available substrate 
diminishes at a constant rate rather than one proportional to concentration. This may occur 


with a single substance or with many, if they are suitable substrates for the 


reaction, and i 
dependent solely on the concentration of substrate. 
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The remaining possibilities are that dehydrocholate interfered with the 
intracellular transport of RIRB, with cell-bile transfer of the dye, or with the 
rate of bile flow. Although the immediate effeet of dehydrocholate is hydro 
choleretic, a subsequent opposite effeet cannot be exeluded. On the other hand, 
sulfobromophthalein and dehydrocholate given before RIRB acted similarly : 
both substances retarded the phase of RIRB excretion, and sulfobromophthalein 
is not known either to accelerate or to depress bile flow. It thus appears reason 
able to assume that the late effeet of dehydrocholate on RIRB exeretion is 
ascribable to some competitive phenomenon in the movement of dye across the 
cell, or from the cell into the bile capillary. 

In the normal sequenee of steps whieh determine the dynamics of the 
handling of RIRB by the liver (i.e. hepatie blood flow, cellular uptake, eellular 
transport, cell-bile transfer, and bile flow) one meehanism presumably aets in 
a rate-limiting fashion. If it is assumed, for the moment, that this is bile 
flow? and that this flow is not slowed by dehydrocholate, the prolonged exeretion 
of RIRB whieh develops when the dve is given after dehyvdrocholate (Fig. 1 
should refleet a new rate-limiting mechanism, i.e., an inhibited cellular transport 
or cell-bile transfer. Conversely, if the assumed normal rate-limiting mechanism 
of bile flow is accelerated, as occurs when dehydrocholate is given after RIRB 
has already been taken up by the cell (Fig. 3), the new rate-limiting process 
so brought to light presumably reflects the rate of a cellular mechanism. In 
the example used, the mean half-time of the postulated cellular mechanism was 
46 minutes in the normal subjects of this study. To the extent, then, that 
specific steps in the hepatic uptake and excretion of RIRB ean be affected by 
inhibitory or stimulatory substances, the rates of cellular mechanisms, which in 
sum comprise the phenomenon of storage in the liver, may be assessed. 

Although the effect of dehydrocholate and sulfobromophthalein on handling. 
of RIRB by the liver differ in that sulfobromophthalein, given during the phase 
of exeretion, has no flushing effect, all three substances may share common 
intracellular pathways. In the case of dehydrocholate, these include enzymatic 
reduction and conjugation with amino acids,'* but similar chemieal reactions are 
not known to take place in the ease of rose bengal. Several studies indicate that 
a large proportion of sulfobromophthalein undergoes chemical change in the 
process of its exeretion by the liver.'*'* Sinee sulfobromophthalein appeared to 
compete with rose bengal during the storage stage, similar eatabolism of rose 
bengal may oeceur during its intracellular transport. Preliminary studies in 
our laboratory with bile reeovered from patients with T tubes in the common 
ile duet, however, have failed to demonstrate radioactive metabolites or econju- 
zates of RIRB. Chromatography in four different solvent systems has been 
ised in this attempt. 

Other substances which either could affect, or have been said to affeet bile 
ecretion by the liver are Cholografin (iodipamide),'" cortisol,*° and probeneeid.*! 
\lthough some changes in the uptake-exeretion curves of RIRB were noted in 
esponse to administration of these substances, the effects were either not strik- 


ng or were ineonstant. Evidence that cortisol is not a choloretie substance has 
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been reported previously.** 7° The tests with heparin and in patients with 
hvpoalbuminemia were earried out because of the possibility that rose bengal 
binding by serum albumin might be weaker under such conditions,** *° and thus 
affeet uptake, but no clear-eut evidence to indicate such an effect was obtained. 

The unimpressive results obtained with the agents, or under the conditions 
listed in the preceeding paragraph may reflect the limited number of more or 
less pilot tests carried out in each eategory, the time of administration of the 
agent being tested for its effect on rose bengal exeretion, and the dosage of the 
agent used. With respect to the dosage of 6 »M per kilogram, which approxi- 
mates the amount of rose bengal required to saturate rose bengal uptake meeha 
nisms in the dog,* this level was not exceeded in any subjects who received 
sulfobromophthalein, cortisol, heparin, or chlorpromazine. It was exeeeded in 
some of those who received Cholografin and in all of those who were given 
dehydrocholate, chlorothiazide, probeneeid, albumin, or Diodrast. 

The results with I'*'-labeled Diodrast provided a contrast to those with 
RIRB. Although the amount of Diodrast and similar agents taken up and 
exereted by the liver into bile is small,?* *? the rates of hepatie RID uptake and 
excretion were faster than those of RIRB. Carrier Diodrast in large doses 
flushed RID from the liver, and during this process RID reappeared in the 
blood.2* Bloek and Burrows** found no inerease in biliary exeretion of RID 
after administration of earrier Diodrast. Henee the accelerated phase of ex 
eretion of RID based on external counting did not necessarily represent an in 
crease in biliary output of RID or in bile flow. Nonradioactive rose bengal 
neither affected RID exeretion nor displaced RID into the blood, and earrier 
Diodrast did not impair uptake of RIRB. Diodrast and rose bengal thus ap- 
peared to be noncompetitive for metabolie or physieal pathways of biliary ex 
cretion. 

The inability to quantitate rate phenomena of plasma removal satisfactorily 
from reeords of external measurement of radioactivity in a vascular tissue mass 
such as the thigh requires emphasis. Although sueh records parallel those of 
hepatie uptake qualitatively,” “! rates determined by external measurement 
failed to follow first-order kineties precisely, indicating that functions in addi 
tion to that of plasma removal are measured with this technique. 


SUMMARY 


1. Radiation in the liver was measured after the intravenous injection of 
radioiodinated rose bengal (RIRB), and the rates of hepatie uptake and exere- 
tion of the labeled dye were calculated. Various substances were administered 
intravenously before RIRB uptake, during RIRB exeretion, and before RIRB 
excretion by the liver to compete with or stimulate the mechanisms responsible 
for hepatie uptake and excretion of the dye. 

2. RIRB uptake was slowed for a limited time after the administration of 
dehydrocholate and sulfobromophthalein. 

3. Large doses of dehydrocholate given during the stage of RIRB exeretion 
accelerated the rate of RIRB exeretion, presumably because of the hydro 
choleretiec properties of the bile acid derivative. 

















Volume 5¢ HEPATIC EXCRETORY FUNCTION: ALTERATION OF RATE YOD 


4. When dehydrocholate or sulfobromophthalein was given before RIRB 
was injected, the exeretion of RIRB was slowed. Sinee this effeet did not merely 
reflect delayed uptake of RIRB, the depressed rate was attributed to a compett- 
tion which possibly affected storage mechanisms. 

5. Additional information concerning storage mechanisms may be obtained 
by the administration of hydrocholeretic substances during the exeretion stage 
of RIRB. In this situation, the rate-limiting mechanism which normally deter- 
mines excretion half-time is accelerated, thus permitting a new rate limiting 


mechanism affecting the stage of storage to be measured. 


6. Competition at several steps during hepatic exeretion of RIRB, sulfo- 
bromophthalein, and dehydrocholate suggest common metabolic pathways for 
these substances in the liver. 


7. Inconstant or minor effeets on RIRB uptake and exeretion by the liver 
were observed in limited studies with Cholografin, heparin, probeneeid, cortisol, 
chlorpromazine, Diodrast, and albumin. Chlorothiazide and nonradioactive rose 
bengal had no effect. 


8. Radioiodinated Diodrast (RID) was administered similarly to RIRB. 
Rates of RID uptake-excretion were faster than those of RIRB, and different 
hepatic exeretory mechanisms for the two compounds were indicated by the 


studies. 


%. External recording of radioactivity in the thigh did not appear to be 
sufficiently accurate to vield quantitative information concerning plasma removal 
or hepatie uptake of RIRB. 
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MEASUREMENT OF AN AORTOPULMONARY SHUNT BY 
DOUBLE INDICATOR DILUTION CURVES 
WILLIAM S. Winson, M.D., Jok D. Morris, M.D... Rauepu L. BRanptr, M.D. 
AND Epwarp W. JENKINS, M.D. 
ANN ArRBor, MICH. 


; 


{ shunt was « ated between the aorta and central pulmonary artery in dogs. 


The size of this left-to-right) shunt 


was stimated by the inerease in oOLygen 
saturation in the pulmona yoartery and by COMPATISON of indicator dilution 
curves simultancously recorded in the right ventricle and the femoral artery. 


The good correlation noted between the two cstimates is interpreted as providing 


support for the use of the double dilution technique in the estimation of broncho 


} 


pulmonary flow and valvular regurgitation on the left side of the heart. 


T HAS been shown that the downslope of an indicator dilution curve is 

affected by at least four variables: the flow rate, the volume between the 
site of Injection and sampling, the presence of a left-to-right shunt, and the 
presenee of valvular regureitation.' When an indieator is injected intravenously, 
the effect of a shunt between the aorta and the pulmonary artery on the indicator 


dilution curve recorded from the pulmonary artery or distally is prolongation of 


] 
4 


ie downslope beeause of early recirculation through the shunt?; a curve re- 
corded simultaneously from the right ventricle will not be affected by this early 
ecireulation. In this study an attempt was made to estimate the size of an 
ortopulmonary shunt by a comparison of the dilution eurves recorded simutane- 
tisly proximal and distal to the shunt. The results were compared with the shunt 
size as estimated by the inerease in oxygen saturation in the pulmonary artery. 


MATERIALS AND METHODS 


Six dogs were anesthetized with intravenous pentobarbital. An aortopulmonary shunt 
us ereated by anastomosing the brachiocephalic artery to the central pulmonary artery. 
clamp was attached to the shunt so that flow could be controlled or interrupted. The 
vular vein was exposed and two No. 8 cardiac catheters were inserted. The catheters 
re positioned under fluoroscopic control, one in the pulmonary artery and the other in the 
ht ventricle. A polyethylene catheter was inserted in the femoral artery a distance of 
proximately 5 inches, and a similar catheter was inserted in the femoral vein. Indicator 
ition curves were recorded simultaneously from the right ventricle and the femoral artery 
r intravenous injection of approximately 2.5 mg. of indocyanine green while the shunt 
s completely occluded. These observations were repeated with the shunt open. Samples 
oxygen saturation were then drawn simultaneously from the right ventricle, pulmonary 
ry, and femoral artery. In three dogs multiple sets of dilution curves were recorded and 


d samples were taken, each set with aortopulmonary shunt of different size. 
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RESULTS 


Dilution curves recorded from the right ventricle and the femoral artery 


in dogs with no shunt were similar in eontour but were not identical. The 


two curves were compared by subtracting the time between the appearance 
times of the two curves (A\ AT) from the time between 
(AMCT). A correction was made for the time re 
The result 


the mean ¢ireulation 


times of the two curves 
quired for travel of the blood the length of the cardiae eatheter. 
(AT) would be zero if the two curves were identical. The AT with the shunt 
in the same animal 


Fig. 1). The 


closed varied considerably from one dog to another, but 


Was always appreciably smaller than the A T with the shunt open 


5 SEC 


| 
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Fig. 1 Dilution curves recorded from. right 


regurgitant flow, expressed as a fraction of the forward flow, Qr/Qpr, was 


calculated from the dilution curves reeorded with the shunt open, using thi 
AMCT—A AT Or 


formula suggested by Lange and Heeht*: — Sinee th 
A Al Oy 


curves recorded from the right ventricle and the femoral artery with the shun 
closed were not identical, the value of A T of the control curves was subtracte: 
from the numerator of this equation. The regurgitant flow for each shun 
size was also caleulated from the simultaneously recorded oxygen saturation 
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in the right ventricle, pulmonary artery, and the femoral artery in the following 
manner : 


QO, IN 
Oopa — Oory 
Q, IN 
Ones ~— Ove 
Since QQ, Qe | Qe and oxygen consumption Koois a constant when the 
samples are collected simultaneously, 
Qi () A () hay | 
Qr Oops — Oopa 


The results expressed as the ratio of shunt flow to syvstemie flow or Qr/Qr 
are listed in Table I.) The first reading on Dow 5 was rejected as being sig- 
nificantly different (p< 0.005) from the other results obtained. It seems very 
likely that this reading was the result of a measurement or recording error, and 
it was omitted from the following analysis of the data. When the differences be- 
tween the Qp Qp oxygen and Qy Qe dve were analyzed using the t test, the 
average difference was not signifieantly different from zero (0.40 << P < 0.60). 
The linear regression of Qp/Qr oxygen on Qp/ Qe dve was Qr/Qp oxygen 

11271 © Op Qe dve —0.0399. The slope is not significantly different from one 
0.20 << P< O40), and the intercept is net significantly different from zero 
0.60 < P < 0.80 


The linear eorrelation coefficient is 0.96 (Fig. 2). 


TABLE I 
SHUN’ 
OPEN Ye OXYGEN SATURATION 
SHUNT | SHUNT | SHUN’ At SHUNT OPEN 
XPERI- | CLOSED | OPEN OPEN COR- RIGHT PULMO 
MENT At AMC AAT RECTED VENTRI NARY FEMORAI 
NO. SEC. SEC. SEC. SEC, CLI ARTERY ARTERY Qn Qp DY! Qn Qe O 
1.6 5.0 3.0 0.4 $4.4 03.4 94.8 0.13 0.22 
1.6 1.6 29 0.1 16.5 17.2 91.6 0.038 0.02 
a) ey 11.0 6.6 AE S4.1 98.0 99.5 0.41 9.3 
cs 12.2 8.3 oun 69.0 73.0 92.2 0.26 0.31 
7 3.5 22.0 9.0) 9.5 52.0 43.1 87.9 1.06 1.43 
1.7 28.0 15.0 8.3 LS.S 65.2 90.4 O55 0.65 
3.5 17.0 10.0 85 10.8 50.0 84.5 0.35 0.27 
1.3 18.0 12.0 1.7 36.4 $1.4 74.9 0.14 O15 
10 95 20.5 oma) a0 65.1 86.0 111.0 1.00 O80 
l 1.5 315 11.5 15.5 A 87.0 105.0 l Jo 1.56 
» 6.5 ~1.0 S.5 6.0 53.3 69.5 101.0 0.71 0.58 
4 AT Time in seconds between appearance time of right ventricle and femoral artery 
AMCT Time in seconds between mean circulation time of right ventricle and femoral 
ery curves 
ey A MCT minus \ AT 
AT (corrected) AT observed with shunt open mipus observed AT with shunt closed. 


DISCUSSION 


The similarities between valvular regurgitation and vascular regureitation 


shunt flow are illustrated in Figs. 3 and 4. Three flow rates are present in 
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each: Qp, systemic flow or effective forward flow distal to the blood that 
regurgitated or shunted, Qp, shunt flow or 


is 
regurgitant flow, Qr, total flow 


through that segment which carries both blood to be regurgitated or shunted. 


Or , and blood to vo out to the systemic cireulation (Q, 


140Pr 
130, 


120- 


Q,/Q, O, 


3O- 


40} 
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Fig. 2 Comparison of the ratio of shunt flow to systemic flow (Qk Qr) as calculated by 


oxygen step-up and by dye method. The broken line represents identity ; the solid lime is the 
regression line 
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Fig. 3 Diagrammatic representation of the three flow rates in valvular regurgitatior 


ar forward flow; Qr regurgitant flow; Q7 total flow across regurgitant valve; Qr + ¢ 
Ok 


Fig. 4 Diagrammatic representation of the three flow rates in an aortopulmonary shunt 
VO: forward flow; Qr regurgitant flow; Q7 total flow; Q7r + Gr = Qr. 
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The theoretic aspects of the formula for ealeulation of regurgitant or shunt 
flow from double dilution curves have been presented.’ It is assumed that the 
interval between the appearance times of the two curves (A AT) is a funetion 
of the volume between the two sampling sites (AV) and of the total flow (Qy) : 


~ ay a ; . : ' 
\ AT On” The difference between the mean circulation times of the two 
er 
curves (A MCT) is assumed to be a funetion of the volume between the sampling 
, ; ye si AY - 
sites (AV) and the effective forward flow (Qe): A MCT —, Sinee, by 
CF 


1 Or Qe, if the A V in the two equations is identieal, the final 
Qe  AMCT-AAT 
Op AAT 


The results indicate that the size of an aortopulmonary shunt ean be 


definition, ¢ 


equation ean be derived. 


estimated by a comparison of the dilution eurves recorded simultaneously 
proximal and distal to the shunt. The variation of A T in dogs without shunt 
is in contrast to the results obtained in humans. Since the AT in normal 
humans varies little,’ * this technique may be of value in estimating broncho- 
pulmonary shunts in chronie pulmonary disease. 

Beeause of the similar flows involved in valvular regurgitation and aorto- 
pulmonary shunt, we feel that these data provide further support for the 
validity of this technique in the estimation of valvular regureitation.® 


SUMMARY 


The size of aortopulmonary shunts, in relation to the eardiae output, was 
estimated in dogs by an indicator dilution teehnique and by the increase in 
oxygen saturation in the pulmonary artery. There was a good correlation be- 
tween the two estimates and this is interpreted as supporting evidence for the 
validity of the double dilution technique in the estimation of aortopulmonary 
shunts and valvular regureitation in man. 


We wish to express our appreciation to Mr. Robert Lee for his excellent technical 


assistance, and Mr. Riehard Remington for his assistance in the statistical analysis of the data. 
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SERUM PROTEIN CILANGES IN WALDENSTROM’S 
MACROGLOBULINEMIA DURING ADMINISTRATION OF A LOW 
MOLECULAR WEIGHT THIOL (PENICILLAMINE) 


Ilenry S. Brocu, M.D., Pu.D..* ANANDA PRAsaAp, M.D., Apa ANastast, Pu.D., 
AND Davin R. Briaes, PH.D. 
MINNEAPOLIS, MINN. 
The sulfhydryl concentration in sera of patients with Waldenstrom’s 


macroglobulinemia was found to be subnormal, Macroglobulin isolated from 


serum did not contain any free sulfhydryl groups. The macroglobulin was 


depolymerized in vitro by B. B-dimethyleysteine. Oral administration of B, 


B-dimethyleysteine to two patients with Waldenstrom’s macroglobulinemia was 


accompanicd by a marked decrease of the hyperglobulinemia., 


Hk high molecular weight paraprotein which characterizes Waldenstrém’'s 

macroglobulinemia’ is thought to be responsible for at least some of the 
complications of this disease.2 It causes a marked inerease in the viscosity of 
the serum’ and tends to be deposited in various tissues causing encephalopathy, 
retinopathy, nephropathy, myocarditis, and hemorrhagic diathesis.*:° Glenchur 
and co-workers,” and Deutsch and Morton’ found that in vitro incubation of the 
high molecular weight paraprotein with certain low molecular weight thiols, 
such are mereaptoethanol, results in depolymerization of the macroglobulin 
Repolymerization occurs when excess thiol is removed from the system. 

Kolthoff and associates* found the sulfhydryl concentration in sera of pa 
tients with carcinoma to be decreased as compared to that found in the sera of 
normal subjects. This lowered sulfhydryl concentration could be explained in 
part by hypoalbuminemia, but other factors appeared to be operating. On thi 
other hand, increased amounts of macroglobulins have been found in sera ot} 
patients with a variety of neoplastie diseases.” 

It therefore occurred to us that formation of the paraprotein ot Walden 
strom’s macroglobulinemia in vivo might be abetted by a low sulfhydryl con 
centration in the tissues or sera, and that it might be reversed, analogous to th: 
depolymerization of the macroglobulin in vitro, by supplying the tissues wit! 
a low moleeular weight mereaptan. Among the more readily available thiols, 8 
B-dimethylevsteine (penicillamine) seemed suitable for our purposes on tli 
basis of the experience which had been gained with this compound in the treat 
ment of hepatolenticular degeneration.” '° 
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MATERIALS AND METHODS 


We have had the opportunity of following the serum protein pattern of two patients 
vith Waldenstrém’s macroglobulinemia before and during penicillamine administration. 
The first patient, F. N. (University of Minnesota Hospitals No, 902210), a 63-year-old 
mechanic, was admitted to the medical service in August, 1956, because of epistaxis, loss of 
vision, loss of hearing, weakness, dyspnea, abdominal pain, and anemia. He had spleno 
megaly, retinal hemorrhages, and dilated retinal veins. The hemoglobin concentration 
of his blood was 5.4 Gm. per cent, the white cell count was 3,350 per ecubie millimeter 
with 67 per cent neutrophils, 26 per cent Ivmphocytes, 3 per cent monocytes, 3 per cent 
eosinophils, and 1 per cent basophils. The peripheral smear showed intense rouleaux forma 
tion. The erythrocyte sedimentation rate was 4, 65, and 120 mm, in 20, 40, and 60 minutes, 
respectively Westergren method, uncorrected ), The platelet count was 116,000 per eubie 
millimeter and the reticulocyte count was 1.4 per cent. The bone marrow contained 36 
per cent lymphoid cells; most of these cells had narrow eytoplasmie rings and showed 


nuclear vacuolization. The total serum protein concentration was 11.8 Gm. per cent, with 


0 Gm. per cent albumin and 8.8 Gm. per cent globulin. Paper electrophoresis of the 
serum proteins revealed a sharp gamma globulin peak. Addition of 20 volumes of water 
to 1 volume of serum produced a coarse flocculent precipitate. Ultracentrifugation re 


vealed the macroprotein peak of Waldenstrém’s macroglobulinemia.® The patient received 
occasional transfusions of packed red blood cells to maintain his hemoglobin concentration 
between 6 and 8 Gm. per cent. In December, 1957, he developed pneumonia and a 
staphylococcal septicemia and was treated with antibiotics and = steroids. This regime 
was in effect during the control period and while penicillamine was given. He died = in 
March, 1958. 

The second patient, J. T. (University of Minnesota Hospitals No. 927477), was a 
77-year-old farmer who was admitted because of hematuria, splenomegaly, and petechiae. 
He was ambulatory and in no acute distress. His hemoglobin concentration was 12.0 Gm. 
per cent, the white blood cell count was 5,600 per cubic millimeter with 41 per cent 
neutrophils, 48 per cent lymphocytes, 5 per cent monocytes, 4 per cent eosinophils, 1 per cent 
basophils, and 1 per cent plasma cells. The peripheral smear showed marked rouleaux 


formation. The erythrocyte sedimentation rate was 5, 9, and 15 mm. in 20, 40, and 60 
minutes, respectively, The platelet count was 119,000 per cubic millimeter, and the reticulo- 
eyte count was 1.0 per cent. The bone marrow contained 22.1 per cent lymphoid cells 
and 3.8 per cent plasma cells. The total serum protein concentration was 10.2 Gm. per cent 
With 2.1 Gm. per cent albumin and &.1 Gm. per cent globulin. The water test was 
positive. The serum ultracentrifugation pattern was virtually identical with that of F. N. 
Rectal examination, cystoscopie examination, and an intravenous pyelogram were normal. 
The patient’s course in the hospital was uneventful and he received no medications other 
an penicillamine, 

Total serum proteins were determined by the biuret reaction?! and the albumin:globulin 
itio by sodium sulfite precipitation.12 Paper electrophoresis was performed with a Spinco 
iodel R apparatus using barbital buffer, pH 8.6; the papers were stained with bromphenol 

zine sulfate solution, and scanned with a Spinco model RB Analytrol recording densi 
meter, 

Ultracentrifugation studies were carried out on a Spinco model E analytic ultra 
ntrifuge. For ultracentrifugation studies the sera were diluted with 0.5 molar aqueous 
dium chloride solution to a total protein content of 2 Gm. per cent. Sulfhydryl groups were 
termined by amperometric mereurimetric titration.13 

Synthetic pL-penicillamine was given to the patients orally in gelatine capsules 
ich contained 250 mg. of the compound. A total of 1 or 2 Gm. daily was administered 
t divided doses, 

Prior to its administration to patients, the toxicity of the lot of DL-penicillamine 


ich we had available was tested on mice. Repeated subcutaneous injections of doses 
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up to 100 mg. per kilogram per day in 0.1 


ml. physiologie saline failed to produce any 
untoward effects, 


Injection of 200 mg. per kilogram per day caused death in 2 of 5 mice 
after the second injection, and injection of 600 mg. per kilogram proved fatal to 8 of 3 mice 


within a few hours. At the time of death the animals appeared slightly cyanotic. Post 


mortem examination revealed pulmonary edema; the kidneys, liver, spleen, heart, and 


Intestines appeared normal grossly and microscopically, No evidence for the presence of 
sulfhemoglobin or methemoglobin was found on Specetroscople examination of the blood 
of the deceased animals, and neither of these compounds was formed 


penicillamine with human blood. 


on incubation of 


RESULTS AND DISCUSSION 


The sulfhydryl concentration in the sera of the two patients was below the 
concentration of sulfhydryl found in the sera of normal individuals. Normal] 
sera have been reported to contain 40 to 60 »M sulfhydryl per 100 ml. The 
sulfhydryl concentration in the serum of F. N. ranged from 20 to 30 ”M_ per 
100 ml., and from 33 to 34 uM per 100 ml. in the serum of J. T. 

The low concentration of sulfhydryl in the sera of our patients, in the 
presence of marked hyperglobulinemia, led us to suspeet that the free sulfhydry! 
content of the macroglobulin must be exceedingly low. To investigate this point, 
the macroglobulin was precipitated from the serum of F. N. with 20 volumes 
of distilled water. It was then purified by two more preeipitations with distilled 
water from solution in physiologie saline. A solution of the macroglobulin in 
saline, which contained 5 Gm. of the protein in 100 ml., was titrated for sulf- 
hvdryl groups. It failed to react with mereurie ions, and we coneluded that 
it did not contain any free sulfhydryl groups. 

In vitro studies concerning the effect of pL-penicillamine on the serum of 
Kk. N. revealed that penicillamine was capable of depolymerizing the macro 
globulin. Ineubation of the serum with penicillamine in a coneentration of 
1 to2 mM. per 100 ml. resulted in a reduction of water precipitable protein to 
approximately one half of the original amount; the viscosity of the patient’s 
serum was reduced to near normal, whereas the viscosity of similarly treated 
serum of a healthy individual remained unchanged. There was also a change 
in the paper electrophoretie pattern which consisted of a broadening of the 
gamma globulin area with appearance of a double peak and a change in staining 
quality; as measured with the Analytrol, the total amount of gamma globulin 
was slightly increased. These paper electrophoretic studies suggested that the 
depolymerization products of the macroglobulin were also gamma globulins 
There was in addition a marked change in the ultracentrifugation pattern with 
virtual disappearance of the macroglobulin and a concomitant increase in thi 
pattern corresponding to the normal molecular weight globulins (Fig. 1). Light 
scattering studies were used to measure the velocity of the depolymerization 
reaction under the influenee of penicillamine and to compare its effectiveness 
with that of mereaptoethanol. On an equimolar basis the amino acid was : 
somewhat less efficient depolymerizing agent than the alcohol in that it reacted 
more slowly. In this connection we want to emphasize the depolymerizatio! 
of macroglobulin is a slow reaction; it requires about a day to come to equilib 
rium. 
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Data concerning the serum proteins of F. N. before and during the adminis- 
tration of penicillamine are given in Table I. During a eontrol period of 3 
months the total serum protein concentrations ranged from 9 to 14 Gm. per cent 
and the gamma globulin concentration ranged from 7 to 11 Gm. per cent. There 
was a distinet drop in the total serum protein and gamma globulin coneentra- 
tions after the patient had taken 1 Gm. of penicillamine per day for 5 days; 
on the eighth day the total serum protein concentration had fallen to 6 Gm. per 
cent and the gamma globulin concentration to 4 Gm. per cent, well below any 
levels which we had observed in the control period, There was no change in 
the alpha and beta globulin concentrations, but there was a fall in the econeen- 
tration of serum albumin. 


= 





A 


serum of F. N. before (left) and after (right) 
incubation with penicillamine (1 mM. per 100 ml.) in vitro for 24 hours. The position of the 
macroglobulin before incubation is indicated by the arrow in the frame to the left, and the 
position of the depolymerization products of the macroglobulin after incubation with peni- 


cillamine by the arrow in the frame to the right 1, The position of albumin. WV, The posi- 
tion of residual macroglobulin 





Fig. 1 Ultracentrifugation pattern of the 


The serum protein pattern of J. T., before, during, and after penicillamine 


administration, is shown in Table Il. This patient’s hypergammaglobulinemia 


was not influenced by penicillamine in the amount of 1 Gm. per day for 5 days. 
The dosage was then inereased to 2 Gm. per day and after another 9 days the 
total serum protein and gamma globulin levels had fallen below any of the 
values which were observed in the 24 day control period. Penicillamine was 
then discontinued and on the next day there was a distinet rise in the total serum 


protein and gamma globulin concentrations. The concentration of alpha and 


eta globulins and of albumin remained unchanged throughout the study. 


DISCUSSION 


Oral administration of penicillamine seems to affeet only the concentration 
‘f the paraprotein in the serum. 


This appears to be borne out by our in vitro 
tudies. 


Furthermore, administration of 1 Gm. of the amino acid daily for 3 


eeks to a patient without dysproteinemia (W. H., University of Minnesota 
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Hospitals No. 786005) failed to produce any change in the normal serum protein 
pattern. We could not account for the paraprotein which disappeared from the 
serum. The urines of our patients did not contain more than about 0.25 per 
cent protein at any time during the study. Administration of 1 Gm. of peni 
cillamine per day failed to inerease the sulfhydryl coneentration in the sera in 
all 3 patients, but administration of 2 Gm. per day increased the serum sulf- 
hvdryl coneentration by 4 mM. per 100 ml. in J. T. Penicillamine appeared 
to be well tolerated by the two patients with macroglobulinemia. The patient 
without dysproteinemia developed a disseminated pruritic maculopapular skin 
eruption after he had taken a total of 20 Gm. penicillamine over a 3 week period; 
the skin lesions subsided when administration of the amino acid was discon- 
tinued. 


TABLE I. SERUM PROTEIN PATTERN OF F. N, BEFORE AND DURING ADMINISTRATION OF 
PENICILLAMINE, AS DETERMINED BY PAPER ELECTROPHORESIS 


PENICILLAMINE 


CONTROL (3 MO.) DAY 5 DAY 8 

SERUM PROTEINS Gm. %) (GM. %) (Gm. %) 
Total serum protein 8.8-14.1 7.5 6.1 
Globulins 

gamma 7.3-11.1 4.9 1.0 

beta 0.5-0.8 0.4 0.4 

alpha 0.6-0.9 0.8 0.7 

alpha, 0.3-0.4 0.4 0.4 
Albumin 1.4-1.6 1.0 0.7 


TABLE II. Serum PROTEIN PATTERN OF J. T. BEFORE, DURING, AND AFTER ADMINISTRATION 01 
PENICILLAMINE* 


| PENICILLAMINE 


GM./ DAY 
= 1 9 Seas 
CONTRO! om POSTTREATMENT 
SERUM (24 DAYS) DAY DAY DAY DAY 
PROTEINS (GM. %) 5 8 14 15) 
Total serum protein 8.8-10.3 10.0 8.7 7.9 9.2 
Globulins 
gamma 5.1-6.8 5.3 5.8 1.2 (5.5) 
beta 0.4-0.5 0.6 O39 0.3 Total globulins 
alpha O.4-0.5 0.5 0.2 0.5 6.7 
alpha, 0.2-0.2 0.3 0.1 0.4 
Albumin 2.2-2.7 3.3 2.3 2.4 2.5 


ie by paper electrophoresis and fractionation of serum proteins with sodiun 

The changes in serum proteins in patients with macroglobulinemia whic! 
we observed during penicillamine administration are consistent with the view 
that the action of penicillamine in vivo may be similar to its action on the macro 
elobulin in vitro. But we have no proof that this is so. Nor do we have any evi 
dence that our two patients derived any clinical benefits from the administration 
of this thiol. The first patient succumbed to septicemia caused by Micro 
coccus pyogenes while he received the compound. The second patient was 
clinically well when he entered the hospital and when he left against medica 
advice. 
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SUMMARY 


The sulfhydryl coneentration in the serum of two patients with maero- 
vlobulinemia was below normal in the presence of marked hyperproteinemia. 
The macroglobulin did not contain any free sulfhydryl groups. It could be 
depolymerized in vitro by pi-penicillamine. Oral administration of this amino 
acid to two patients with Waldenstrém’s macroglobulinemia was associated with 


a deerease in the total protein and gamma globulin concentrations in their sera. 
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ORNITHINE CARBAMYL TRANSFERASE ACTIVITY IN HUMAN 
TISSUE HOMOGENATES 


Hans Reicuarp, M.D. 
STOCKHOLM, SWEDEN 


The determination of ornithine carbamyl transferase (OCT) aetivity in 
human serum scoms to be of diagnostic value in liver discase. In order to obtain 
knowledge of the distribution of this enzyme, ornithine carbamyl transferase 
activity was determined in different human tissue homogenates. Ornithine cai 
bamyl transferase activity was found to be very low in all the tissues eramined, 
with the exception of those from the liver and small intestine where the enzyme 
activity was high. The determination of ornithine carbamyl transferase activity 


ui 


serum is believed to be a test with high specificity for liver damage. 


RNITHINE carbamy! transferase’ is an enzyme whieh, in mammals, occurs 
O mainly in the liver? and is also normally present in minute amounts in 
blood serum.* The serum activity is often inereased in liver disease. * This 
appears to be specifie for liver damage** and in certain cases of diagnostic 
value. 

The aim of this study was to determine the ornithine carbamyl transferase 
content of various human organs and body fluids. Such a knowledge is neces- 
sary for evaluating the significance of elevated ornithine carbamy! transferase 
activity in blood serum. 


METHOD AND MATERIAL 


Ornithine Carbamyl Transferase Activity.—Ornithine carbamyl transferase activity in 
tissue homogenates was determined by incubation with citrulline carbamyl-Cl4 in arsenate 
buffer, using the method of Reichard and Reichard.*5 The amount C140, formed is pro 
portional to the ornithine carbamyl transferase activity. Results were expressed in micro 
moles of C140, liberated by 1 gram tissue or 1 ml. body fluid per 24 hours incubation under 
standard conditions. 


Tissue Homogenates.—Tissue homogenates were prepared from normal tissue removed 
during operations, The pieces of tissue were immediately chilled to O° C., and subsequent 
procedures were carried out at that temperature. The tissues were thoroughly homogenized 
with 9 parts of distilled water in a Waring Blendor for 4 to 5 minutes. After proper dilu 
tion with distilled water (1:1 to 1:10,000) the homogenates were immediately incubated for 
ornithine carbamyl transferase assay. 


RESULTS 
Arsenate Dependence of Citrulline Breakdown.—UHomogenated small intes- 


tine (1 part tissue homogenized in 99 parts of distilled water) was used as the 
From the Medical Department, Karolinska sjukhuset, and the Department of Chemistry I, 
Karolinska Institutet, Stockholm, Sweden. 
Received for publication Aug. 26, 1959. 
*In an earlier article’ the concentration of citrulline carbamyl-C™ was erroneously given 


as 1 wM per milliliter. This should be 10 uM per mil!'‘iter of final incubation mixture. 
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source of enzyme activity. The isotope method was applied with an incubation 
time of 2 hours. Fig. 1 demonstrates the dependence of the enzymie activity 


on the concentration of arsenate. 


Ornithine Carbamyl Transferase Content of Tissue IHomogenates.—All hu- 
man tissues and body fluids examined showed ornithine carbamyl transferase 
activity. Most was found in liver and minute amounts in normal human serum 
Table | } 

High ornithine ecarbamyl transterase activity was demonstrated in liver and 
small intestine (duodenum, jejunum, and ileum). The respective values were 
2.500 and 347 pM C™O, per 1 gram tissue. The values for lung, gall bladder, 
stomach, and large intestine ranged between 1 and 6 uM C™O,. Brain, heart 
musele, gall bladder bile, and spleen showed enzyme aetivities of less than 1 »M 
of CMO. Ornithine carbamyl transferase activities of about the same magnitude 
as in human serum were demonstrable in blood cells, hone marrow, striated 
musele, kidney, and choledochal bile. 


TABLE T.) ORNITHINE CARBAMYL TRANSFERASE ACTIVITY IN THE DIFFERENT ORGANS 


AND 
Bopy FLuips or MAN 
NO. OF SAMPLES OCT ACTIVITY IN pM Cl40, PER 1 GM. 
PROM DIFFEREN’ rISSUE OR 1 ML. BODY FLUID 
ORGAN OR BODY FLUID INDIVIDUALS MEAN RANGE 
Liver Li 2 500 1,.520-3,820 
Small intestine 
duodenum, jejunum, 
and ileum Ss 347 206- 492 
Large intestine j 5.76 
Stomach s 1.70 
Gall bladder ) 3.47 
Lung a 1.52 
Spleen re 0.710 
Gall bladder bile } 0.654 
Ileart musele 2 0.146 
Brain ye O.110 
Blood eells Dy 0.060 
Common duct bile 3 0.048 
Kidney re 0.040 
Striated musele 2 0.040 
Blood serum 56 0.038 
Bone marrow 2 0.009 


Samples of the stomach comprising all layers and taken from different 
parts (fornix, corpus, and pyloric portion) showed equal ornithine earbamyl 
transferase activities. No regional difference in ornithine carbamyl transferase 
activity was demonstrable in small or large intestine. 

DISCUSSION 

By the ornithine carbamyl! transferase method employed the liberation of 
CQ, from citrulline carbamyl-C'™ was measured. Other citrulline decomposing 
nzymes than ornithine carbamyl transferase are not known. Besides, the re- 


ctions with homogenate from small intestine (Fig. 1), serum ornithine ecarbamy!] 








transferase,’ and liver homogenate? show similar curves of arsenate dependence. 
lor these reasons the observed enzyme activities were most likely caused by o1 
nithine carbamyl transterase. The high stability of the enzyme! makes 
appreciable inactivation during the preparation of the homogenates unlikely. 
In sanguineous organs with low ornithine carbamyl transferase content the ob 
served values may be falsely high if an operation had caused a discharge of liver 
ornithine carbamyl transferase into serum.  llowever, this source of error 
cannot affect the character of the observations given in the table 
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Fig. 1 \rsenate dependence of enzymatic breakdown of citrulline carbamyl-C! Homogenats 
of small intestine (1: 100) was used as the source of enzyme 


The human liver contains about 10 times more ornithine carbamyl trans 


ferase activity than does the small intestine per unit weight. In the dog® th 


ornithine ¢arbamyl transferase activity of liver is almost the same as in man 
but in the small intestine that of the dog is much less than in man. 


Karher 
investigators 


failed to demonstrate ornithine carbamyl! transferase aetivity in 
other organs than the liver. These results may possibls he explained by occur 
rence of different organ activities in different species; rats and sheep were used 


in these experiments. On the other hand the failure to observe ornithin 


carbamyl transferase activity in other. organs than liver might have been due 
to the use of a less sensitive method.° 


The human liver has a large mass and a very high ornithine carbamy! 
transferase activity. All other human organs except the small intestine 
have low ornithine ecarbamy! transferase activity and cannot possibly, by leakage 
of intracellular ornithine earbamyl transferase to the blood, cause an elevated 
activity of this enzyme in serum. Damage to many grams of liver tissue is not 
unusual, but disease of the small intestine which causes extensive damage or 
necrosis is very rare. Unless one assumes the possibility of impaired enzym« 
elimination from serum as a cause of elevated serum levels, our results indieat: 
that in man damage to the liver only, or perhaps, the small intestine, could 


result in signifieant elevations of serum ornithine carbamyl transferase activit) 
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SUMMARY 


Ornithine carbamy! transferase activity was by tar highest in liver but was 


demonstrated in all human tissues investigated. Ornithine carbamyl transferase 


activity was very low in blood cells, bone marrow, blood serum, striated musele, 
kidney, common duet bile, brain, heart muscle, gall bladder bile, spleen, lung, 
eall bladder, stomach, and large intestine. Mueh higher ornithine carbamy!] 
transferase activity was found in the small intestine. The liver contained about 
10 times as mueh ornithine carbamy! transferase activity as did the small in- 
testine per unit weight, 


It is suggested that liver damage only ean cause a release of intracellular 
ornithine carbamyl transferase large enough to cause significantly elevated 


serum ornithine carbamyl transferase activity. 
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ENZYMATIC PROPERTIES OF CERULOPLASMIN 


FRED L. HuMOoOLLER, PH.D., Mary Par Mockuer, B.S., 
JosepH M. Houriuaus, M.D... Ann DeuMar J. Manuer, Pid. 
OmaAna, NEB. 


The results of the present study show that the enzymatic activity of ccrulo 
plasmin is influenced at constant pH not only by the kind of buffer anion prese nt 
but also by its concentration: thus in a O.1M aectate buffer the activity of cerulo 
plasmin is nearly twice as arvat as in a 1M acetate buffer. No activity could b 
detected ina 1M phosphate buffer. EDTA (Versene will remove 50 per ee nt of 
the copper atoms of the ceruloplasmin molecule at room temperature and at the 
same time reduce its amine oridase activity by 50 per cent. In vitro at least, 
purified coruloplasmin is capable of catalyzina the ogvidation of ascorbie acid. 
{pparently this activity is associated with the four EDT A-labil: copper atoms 
of the molecule, for it is abolished by the addition of EDTA. Evidence is pre 


sented to show that the ascorbi« acid oridase activity is due to the copper r protem 


itself and not to dissociated copper tons. Preliminary results suaaqest that the 
er uloplasmin level in human patie nts can readily be influenecd by the administra 
fion of estrogen substances. The possible role of ceruloplasmin in normal 


coppel metabolism and in he patol nticular dceacneration is discussed tn the light 


of the reported findinds. 


HE pioneering studies of Holmberg and Laurell! established the biochemistry 
¥ ceruloplasmin. Their contribution dealt chiefly with methods for the 
isolation and purification of this plasma protein, its copper content, molecular 
weight, and oxidase activity. Bearn and Kunkel,? among others, studied the 
relationship of ceruloplasmin deficiency to hepatolenticular degeneration. Bickel 
and co-workers® attempted substitution therapy with purified ceruloplasmin. in 
Wilson’s disease and Martens and associates! carried out a similar study on 
schizophrenic patients. In 1957 Akerfeldt reported that a quantitative deter 
mination of the plasma amine oxidase level might prove to be of diagnostie value 
in schizophrenia. Attempts by other laboratories to confirm Akerfeldt’s find 
ings have been unsuccessful in most cases and have left the subject in a some 
What chaotic state.'* Yet it would seem that, irrespective of any possible dift- 
ferenee between the ceruloplasmin level of schizophrenie patients and of norma! 
individuals, a better understanding of the metabolic function of this enzyme 
should be of considerable interest. 

It is the purpose of this report to present evidence which tends to show 
that ceruloplasmin is a plasma enzyme which not only is capable of catalyzing 
the oxidation of amines such as epinephrine or serotonin but also is able to 


oxidize aseorbie acid. It will also be shown that these two funetions are carried 
From the Medical Research Laboratory and the Medical Service, Veterans Administration 
Hospital, Omaha, Neb. 
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out at separate reactive centers of the molecule, involving differently bound 
copper atoms for each site. Evidence will also be presented which indicates 
that the plasma level of ceruloplasmin is influenced by the administration of 
estrogenie material. 


METHODS 
Reagents.—For routine spectrophotometrie determinations of the plasma amine oxidase 
activity essentially the same reagents were used as specified in a previous report.! 


of the dihydrochloride of N,N-dimethyl p phenylenediamine 
ommercially available, 


Ilowever, 
since a pure form 


DPP) became 
this was substituted for the recrystallized monochloride used previ 


uusly. In other studies the best commercially available reagents were used without further 
purification. Special care was taken in removing traces of copper ions from the distilled 
Vater, 


Usually double distilled water, passed through a mixed bed ion exchanger, proved to 
« satisfactory. 


vitl 


In all analytie studies dealing with copper determinations, glassware cleaned 
i detergent was further soaked in nitrie acid (1:1 


and repeatedl|y rinsed with eopper free 
ater, 


Spectrophotometric Method.—In routine studies the method previously deseribed13 was 
sed, except that an equal volume of serum or ceruloplasmin solution was substituted for 
EDTA plasma in some of the tests. In the present studies the temperature within the cell 
compartment of the Backman reeording speetrophotometer DK-2 with time drive was main 
tained at 30° + 0.2° C, by circulating water from a constant temperature bath through it 
This refinement was added, since it was found that keeping t 


ie solution in the cell compart- 
uced a significant, but variable, rise in temperature of the solution and, 
enzyme activity. As in the 


nent for 6 minutes prod 


| 
erefore, a change in 


previous report it was found convenient 
to express the results in terms of apparent ceruloplasmin activity ACA 
hog ceruloplasmin it was found that 1 
f ceruloplasmin per 100 ml. of solution. 


Unless otherwise stated, 


Through the use 
ACA unit is equivalent to 0.70 mg. 


f highly purified 


the test system previously employed was used in the present 


tudy. It consisted of the following reagents added in the order 





given. 


Buffer, 1.0M acetate Reference cell (ml. ) 
2 3 pH 6.0 


Ceruloplasmin solution 


DPP 0.1 per 


cent 
e contents of the sample and reference cells was mixed by inversion, 
uckly placed into the thermostated 
d the time drive 


’ The cells were then 
30° C.) ehamber of 


the recording spectrophotometer 
for 6 minutes after the 
The apparent ceruloplasmin activity 


was started. Tracings were taken end of the 
gy period if present, 


was calculated by the formula 
reviously: given.! 


Vanometric Mcthod.—In the manometric determination of enzyme activity by the War 
technique the usual controls for oxygen uptake by substrate and enzyme solution were 
side by side with the tests. All tests were run at 37° C, + 0.10° since the 
30° CC, After it had been observed 


ir as the gaseous phase gave essentially the same results as pure oxygen, the former 
~ used in all subsequent tests. 


ambient 
perature in the laboratory sometimes was higher than 


Isolation of Ceruloplasmin.—The 


enzyme was isolated 
ording to the method of 


from hog serum and _ purified 
Holmberg and 


The product obtained by this method 
s carried repeatedly through the last aleohol-chloroform precipitation until the nitrogen 


opper ratio remained constant. The yield of ceruloplasmin under these conditions is 
cent of the starting activity, but the copper content (Table TIT) 


‘es with that reported by other pure ceruloplasmin. Substituting 


Laurell.1 


e low, about 3. per 


investigators! for 


*Eastman Organic Chemicals, Reagent No. 7423 


(ted 
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continuous filter paper electrophoresis for the final steps in the Holmberg and Laurell method 
gave an identical product. Thus, although electrophoresis contributed very little to the 
isolation procedure it confirmed the reports that ceruloplasmin travels along with the alpha 


globulins at pH 8.6.) It also showed that the copper atoms of the pure product are held 


sufficiently firm so that they will not be removed under the influence of the electrical potential 
The total nitrogen value of the purified ceruloplasmin was determined by the method 
of Ma and Zuazaga.’4 Arbitrarily it was assumed that total nitrogen times 6.50 equals 
protein. Future work will have to determine the validity of the factor 6.50 for ceruloplasmir 
The sialic acid content of purified ceruloplasmin was determined by the method of Ayala 
and co-workers.! Total copper was determined according to the method of Gubler and as 
sociates, | Attempts to determine free copper by the method of Scheinberg and Morell 


did not give reproducible results, perhaps because of the labilitv of some of the eopper atoms 
~ I >| I b bt 


RESULTS 

Effect of Tonic Strength of Buffer on Enzymatic Activity.-The plasma 
oxidase system is sensitive to the ionic strength of the milieu, even at a constant 
pif. Thus with an acetate buffer, 0.1M, pH 6.0, the enzymatie activity is con 
siderably higher than with a similar buffer of the same pHt but 1.0M in con 
centration. Buffers other than acetate showed the same salt effect, so that at 
lower ionic strength greater enzymatic activity was always found. 

In Table I the results obtained with two buffer svstems are given. To con 
serve space the results with buffers such as citrate, propionate, succinate, ete.. 
are omitted, since they showed a similar effect to a change of ionie strength 
For routine work the use of the 1M acetate buffer was continued, since thi 
speetrophotometrie method has ample sensitivity. The more concentrated buffe 


TABLE IT. Errect oF CHANGE IN BUFFER CONCENTRATION ON ENZYMATIC ACTIVITY Ot 
CERULOPLASMIN IN SERUM AT pHL 6.0 


Na, HPO, BUFFER ACA UNITS SODIUM ACETATE BUFFER ACA UNITS 
1.0M 0.0 1.0M 11.6 
0.8M 0.0 O.SM 12.0 
0.6M 0.0 0.6M 12.0 
0.4M 2.9 0.4M 14.1 
0.2M 7.0 0.2M 15.8 
0.1M 11.2 0.1M 18.7 


permitted the use of 0.2 ml. samples of serum, which was found convenient, an: 
at the same time it minimized the danger of exhausting the supply of dissolve: 
oxygen in the case of sera with a very high level of ceruloplasmin. Since t! 
manometric method is considerably less sensitive than the speetrophotomet! 
assay it is necessary that a buffer of O.1 ionie strength be used. Henee unles 
otherwise stated, a O.1M acetate buffer, pIL 6.0, was used in manometrie measur 


ments. 


Effect of Chelating Agents.—In a previous study" Versene (disodium eth) 
enediamine tetraacetic acid) plasma was used in order to obtain a more accura 
estimate of the duration of the lag period. Versene was the chosen anticoagula! 
since it was expected that it would reduce nonspecific oxidation of ascorbic ac 
by heavy metals. Durine the present investigation it was observed that 1 


plasma oxidase (PO) aetivity of EDTA plasma is considerably less than t! 
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of serum. This loss of activity was found to be of such magnitude that it could 
not possibly be due to inhibition of heavy metal catalysis. Henee it must be 


assumed that EDTA acts directly upon ceruloplasmin. In a study, the results 


of which are shown in Table LI, the enzyme activity of the sera of normal con- 
trol subjects and of hospitalized patients was determined by the speetrophoto- 
metric method. To each sample of serum 10 me. of EDTA per milliliter was 
added in the form of a 10 per cent solution, adjusted to pil 6.0. The apparent 
ceruloplasmin activity was again determined after suitable corrections were 
made for the dilution of the sera. It can be seen from Table IL that in every 
case EDTA depressed the activity to 50 per cent of the original solution. This 
is equally true for sera from normal control subjects, schizophrenic patients, 
women in the third trimester of pregnaney, hog serum, and purified cerulo- 


1. ; 
TH OSTILIN. 


TABLE Il. Errect oF EDTA ON PLASMA OXIDASE ACTIVITY AT 30° C. 


SERUM 
BEFORE EDTA AFTER EDTA PERCENTAGE ACTIVITY 
PATIENT NO, ACA UNITS ACA UNITS IN PRESENCE OF EDTA 

| 27 14 52 
2 23 12 52 
3t 1O0 1S $S 
} 1) 10 50 
5 21 1] 52 
6 19 10 Li § 
7 18 9 50 
° lv 8 17 
. 1S 7 17 
10 26 14 a4 
11 oe 12 iS 
12 +] 2a 52 
l 24 13 a4 
l4 22 11 50 
15 22 10 16 
16 16 S 50 
17 20 10 »() 
18$ 1) za 55 
199 ay) 27 So 
20 Ze 11 D0 
21 1 oe D2 
oe 20 9 15 
23 24 US: 50 
24 22 12 54 
25 106 50 17 
6 28 14 50 
27 26 13 50 

Average 50.4 


*icxpressed in apparent ceruloplasmin activity (ACA) units 
‘Ten milligrams EDTA per milliliter of serum 

Purified hog ceruloplasmin. 

§$Pregnancy serum (third trimester) 

Hog serum. 


The addition of further amounts of EDTA did not produce a greater de- 
ession of activity, whereas lesser amounts of EDTA produced varying amounts 
nhibition in the case of human sera. Allowing the EDTA (10 mg. per milli- 


') to remain in contact with serum or ceruloplasmin solution for as long as 
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22 hours at icebox temperature had no further inhibitory effect. On the other 
hand heating serum or a solution of ceruloplasmin to which EDTA (10 me. per 
milliliter) had been added to 60° C. for 1 hour destroyed all enzymatic aetivity, 
whereas the same treatment had no significant effeet on the PO activity in the 
absence of EDTA. Sinee plasma prepared with heparin as anticoagulant showed 
the same plasma oxide activity as the corresponding serum, and since its ae 
tivity was not destroved by heating for 1 hour at 60° C., the possible interference 
by the proteins of the blood clotting mechanism seems to be ruled out. In order 
to test the idea that EDTA inhibited the plasma oxide activity by chelating 
some of the copper atoms of the protein, ceruloplasmin was prepared from hog 
serum and purified by carrying through the chloroform-alcohol step of the 
Holmberg and Laurell method! to a constant copper to nitrogen ratio. One 
aliquot of the solution was analyzed for protein and copper. The other aliquot 
was exposed to the action of EDTA (8 me. per 10 ml.) for 1 hour. This solution 
was dialyzed overnight against a large volume of copper-free water and then 


again analyzed for protein and total copper. The results are shown in Table LIT. 
TABLE ILI]. ANALYSIS OF PURE CERULOPLASMIN 


BEFORE EDTA AFTER EDTA 
Protein content 
(Total nitrogen x 6.50) mg. /100 ml. 165 103 
Bound copper 


mg./100 ml. 1.58 0.81 
Percentage of copper 

in protein O.34 0.20 
Copper atoms per molecule 

(assuming molecular weight 151,000)° 8.1 1.8 
Sialic acid content 

mg./100 ml. 27.3 
Percentage of sialic acid in protein 5.8 
ACA units 664 319 


Ascorbic Acid Oxidase Properties of Cerwloplasmin.—Sueh names as copper 


oxidase,'> polyphenol oxidase,'” serum ecatecholase,?’ monoamine oxidase?! and 
plasma amine oxidase’ have been applied to the enzyme system responsible for 
the oxidative properties of plasma. Presumably these names all refer to the 
plasma protein which contains copper, ceruloplasmin, which apparently is cap 
able of catalyzing the oxidation of a variety of substances. In order to investi 
gate this point further, the enzymatic activity of purified ceruloplasmin was 
studied with various substrates under comparable conditions by the manometri 
technique. The results shown in Table IV show in part the results obtained in 
this phase of the study. It will be noticed that in the case of both DPP an 
aseorbie acid (AA) the enzyme activity is strongly influenced by the concentra 
tion of the substrate. In evaluating the results listed in Table IV it should b 
remembered that only in the ease of DPP and of ascorbic acid was the optimu 
concentration of substrate determined. In all other cases the substrate conee: 
tration was arbitrarily set at 29 »M per Warburg flask (3 ml.), whieh may o 
may not have the optimum concentration. <A similar sensitivity to substrat 


concentration has been reported by Kolb'® in the case of p-phenylenediamine an 
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TABLE IV. ENzyMatic AcTiviry OF CERULOPLASMIN WITH DIFFERENT SUBSTRATES 
AMOUNT OF SUBSTRATI OXYGEN UPTAKI 
SUBSTRATE MM PER WARBURG FLASK pL/HR. AT 37°) 
DPP oS 140 
DPP 29 266 
Catechol 29 11 
o-Phenylenediamine 29 4e} 
m-Phenylenediamine ?Y 3 
P Phenylenediamine 29 ooo 
p-Aminophenol 29 60 
Pyrogallol 29 19 
Serotonin 29 20 
5-Hydroxyindole acetie acid 29 15 
Epinephrine 29 32 
Norepinephrine 29 20 
Aseorbie acid 58 152 
Ascorbie acid 29 50 
Aseorbie acid 116 95 
Bufotenine 29 D 
TABLE V. Errect oF EDTA on Ascorbic AcCipD AND AMINE OXIDASE ACTIVITY 
SUBSTRATI OXYGEN UPTAKE 
uM PER WARBURG FLASK (mL. O2/HR. ) 
3.0 ML. witHouTt EDTA WITH 4 MG. EDTA 
AA, DPP, 14.5 130 67 
AA, 58 - DFT. 152 28 
AA, 58 = DPP, 145 112 11 
RA, 145 : DEF, 143 113 +4 
AA. FSi DP, 45 116 oo 
AA. 26 ; DFP, 145 121 59 
LA ascorbic acid; DPP N,N-dimethyl-p-phenylenediamine; acetate buffer, 0.1M, 
Ht 6.0 In all cases each flask contained 0.2 ml. solution of pure ceruloplasmin, apparent 


ruloplasmin activity, 128. 


BLE VI. Errect or pPIl AND EDTA on AscorBic ActD OXIDASE ACTIVITY OF CERULOPLASMIN 
ABSORBANCE 10 
A B 
CERULOPLASMIN 
Pil SYSTEM A* SYSTEM Bt ACTIVITY 
3.0 130 20 110 
5.5 240 50 190 
6.0 SO) SO) 1O0 
6.0 15t 10t df 
6.5 $30 70 360 
7.0 230 200 30 
ton O90 160 


*System A, sample cell: 2.1 mil., 0.1M acetate buffer, pH 60; 


0.2 ml. ascorbic 
ited for 0.2 ml. as« 


TSystem 
buffer. 
tThis 


series 


B, sample cell: 2.3 
Ascorbic acid made up in acetate buffer 
contained 


acid, 0.02 
-orbie acid. 


per 


ml 


10 meg. 


cent. 


acetate 


of 


EDTA. 


polyphenol-oxidase of horse serum. 


buff 


Reference cell an equivalent 


er, 0.2 mi. 


ascorbic 


ml. ceruloy 
amount 


acid. 


Refe 


(ACA 
buffer sub- 


ylasmin 
of 


rrence cell 2.5 


The results obtained with the three 


nylenediamines show that para-substitution of the substrate enhances the 


vmatie activity 


. Most surprising however, is the observation that 


lis one of the more effeetive substrates for this enzyme. 


The rol 


ascorbie 


» of aseorbie 


in the speetrophotometrie method for the determination of plasma oxidase 
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activity has been disputed by several authors. Akertfeldt® suggested that his 
test system might be suitable for the estimation of ascorbie acid by a *‘ehrono 
metrie method.’ *** Other investigators’ * have listed ascorbic acid as a potent 
inhibitor of the amine oxidase system, and still other workers found that ascorbic 
acid had very little influence upon the amine oxidase activity other than pro 
longing the lag period of the speetrophotometric test. The observation that 
ascorbie acid ean serve as substrate for ceruloplasmin, made it imperative to 


investigate this relationship further. 


> 
© 
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Fig. 1 effect of pregnancy on the apparent ceruloplasmin activity of EDTA plasma 


It became of interest, therefore, to determine the effect of EDTA on the 
ascorbic acid oxidase activity. The results of this study are listed in Table \ 
It will be seen that EDTA redueed the oxygen uptake to about 50 per cent o1 
the normal amount when DPP is used as substraie, but with ascorbie acid as 
substrate the reduction of oxygen uptake amounted to 80 to 90 per cent. This 
table also shows the inhibitory effeet of asecorbie acid on the oxidation of DPP 
by the four tightly bound copper atoms. Thus when the EDTA system con 
tains OS pM of ascorbie acid and 14.5 »M of DPP, the oxygen uptake was onl: 
11 wl per hour; with no ascorbie acid present 67 pl per hour O. was consumed 
which suggests that although ascorbie acid cannot be oxidized at these sites, 
will inhibit the oxidation of other substrates. The routine determination © 
ascorbic acid oxidase activity by means of the manometric technique is not ver 
satisfactory because of the rapid auto-oxidation of the substrate, even whe 
every effort is made to reduce it through acid washing of all glassware. By tri: 
and error it was found that if a minimal quantity of EDTA (0.5 ml. of a 0.00 
per cent solution of EDTA in buffer per flask) was added to the system it wou! 
reduce the blank to a reasonable magnitude and yet not inhibit the enzyn 
significantly. 

Ascorbie acid shows an intense absorption at 265 my,?*** whereas 1 
oxidation product does not absorb significantly at this wavelength. Therefo! 
if the rate of oxidation of ascorbie acid, as catalyzed by ceruloplasmin, is me: 


ured in a recording speetrophotometer, the absorbanee of the system w 
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deerease at a rate proportional to the amount of enzyme present. A similar solu- 
tion of ceruloplasmin in buffer in the reference cell compensates for any ab- 
sorption caused by the protein. However, since auto-oxidation of the ascorbic 
acid is significant, a control determination which contained only ascorbie aeid 
in buffer was always run and the values obtained were subtracted from the 
readings obtained with the complete system. Table VI shows some of the re- 
sults obtained by this method when the change in absorption at 265 my was 
measured for 6 minutes at 30° C 

It can be seen from this table that the ascorbic acid oxidase activity of 
ceruloplasmin is maximum at pll 6.0 and falls off rather rapidly at either side 
of this value. The pL of maximum activity is, therefore, the same for ascorbic 
acid oxidase activity as that for the amine oxidase activity.’* On the other hand 
the auto-oxidation of ascorbic acid under these conditions became, as was ex- 
pected, progressively greater as the pH of the system increased. Of particular 
interest is the observation that as measured by this test system, EDTA destroyed 


about 9S per cent of the aseorbie acid oxidase activity. 
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Fig. 2 Kiffect of orchiectomy and diethylstilbestrol on plasma oxidase activity. 


Eifect of Estrogenic Drugs on Ceruloplasmin Level in Plasma.—Increased 
evels of ceruloplasmin have been reported in pregnant women.’ *! In Fig. 1 
re shown the results obtained in this laboratory by the speetrophotometric 
iethod, using EDTA plasma. In general the findings of previous investigators 
ere confirmed in that the maximum elevation of the eeruloplasmin content 
‘curs in the third trimester, but it will also be noticed that in the case of pa- 
ent B. O. Y. a high level of activity was present in the second trimester. The 
ssibility that the greater concentration of ceruloplasmin found in pregnant 
omen is the result of inereased levels of sex hormones in the blood of these 
dividuals seemed likely. An investigation revealed that patients with cancer 

the prostate who received estrogenic medication also had greatly elevated 
ruloplasmin levels. On the other hand, if no estrogens were administered to 
ese patients the ceruloplasmin levels were in the normal range. In Fig. 2 
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August, 1960 
are shown the results obtained on a patient with carcinoma of the prostate before 
and after administration of diethylstilbestrol. It will be noticed that both the 
serum (total) and the EDTA plasma oxidase level rise after orchiectomy and 
stilbestrol administration. In Fig. 3 are shown the results obtained on a 
volunteer who ingested 5 mg. of diethylstilbestrol per day over the period 
indicated. Here again the oxidase of the serum seems to increase while the 
drug is being taken and to drop to normal after withdrawal of the estrogenic 
material. These preliminary studies are being extended. 
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Fig. 3 effect of diethylstilbestrol on plasma oxidase activity in a normal mate volunteer 


DISCUSSION 


In his method for measuring the plasma amine oxidase activity Akerfeldt 
simply diluted the serum with an equal volume of a 0.1 per cent solution of the 
acid salt of DPP and followed the reaction spectrophotometrically without par 
ticular attention being given to the pH of the system. It has been shown in ; 
previous report'® from this laboratory that the plasma oxidase-—DPP system 1s 
pH sensitive. The results listed in Table IT show that the type of buffer anion 
present also greatly influences the activity of this enzyme system even when the 
pH is kept constant. Furthermore, the concentration of the buffer anion affect 
the activity of the enzyme to such an extent that it was found impractical to us 
a 1.0M acetate buffer for the manometric determination of ceruloplasmin ac 
tivity. Yet in an O.1M acetate buffer of the same pH the enzyme shows cor 
siderable activity. These results together with the observation that the enzyny 
reaction has a temperature coefficient (Q,,) of about 2.4, shows how difficult 
is for laboratories to obtain comparable results unless they rigidly standardiz 
their methods against pure ceruloplasmin. Failure to do so may account ft 
some of the divergent results reported in the literature. 

It is generally assumed that plasma contains both free and firmly bow 
copper, with ceruloplasmin constituting most of the latter fraction. Passage « 
ceruloplasmin through a cation exchange resin column does not appear to 1 


move any of its copper. Morell and Scheinberg*® removed essentially 50 px 
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cent of the eopper trom the apo-enzyme by treating it in acid solution with an 
excess of ascorbic acid and diethyldithiocarbamate. Early in this work it was 
noticed that the amine oxidase activity of EDTA plasma was considerably lower 
than that of heparinized plasma or serum. At that time this was mistakenly 
attributed to the chelating properties of EDTA, which were thought to reduce 
metal-ion catalyzed oxidation of the substrate. When this idea was actually 
to serum, it was found that the 
addition of as much as 10 pg of copper ion per milliliter of serum had no de- 
tectable effect on the amine oxidase activity of serum. 


tested by adding increasing increments of Cu 


Presumably the proteins 
of the serum are able to chelate this amount of copper and thus negate its cata- 
lvtie action. Since suppression of heavy metal catalysis could not explain the 
difference in oxidase activity between EDTA plasma on the one hand and 
heparinized plasma or serum on the other hand, other effeets of EDTA must be 
responsible. The results shown in Tables IL and IIL bring out forcefully the 
fact that EDTA not only destroys 50 per cent of the amine oxidase activity 
consistently but also removes 50 per cent of the copper from the enzyme. As 
further additions of EDTA seem to have no added effect on ceruloplasmin it 
must be concluded that the 8 copper atoms are held by forces of 


unequal 
streneth 


4 of the copper atoms are easily removed by EDTA at room tempera- 
ture and the other 4 are resistant to such treatment. Furthermore, sinee re- 
moval of the + loosely held copper atoms reduces the amine oxidase activity by 
50 per cent, it must be assumed that enzymatically all copper atoms are equally 
effective in this reaction in spite of the fact that some of them are more readily 
removed by EDTA than are others. 


The observation that aseorbie acid under the proper condition can serve as 
a very effective substrate for the enzymatic activity of ceruloplasmin is some- 
vhat surprising in view of the conflicting statements which have appeared in 
the literature.” It seems, therefore, that ceruloplasmin is a protein with two 
listinet sites for enzymatic activity. One of these is capable of catalyzing the 
xidation of both DPP and asecrbie acid, and the other site can only mediate 
he oxidation of substances like DPP and is inhibited progressively by increasing 
mounts of ascorbie acid (Table V). However, this inhibiting effeet becomes 
ignificant only with concentrations of ascorbie acid which 


are outside the 
hvsiologie range. 


The fact that ascorbic acid oxidase activity is solely concentrated in the 
ore labile copper atoms naturally raises the question that perhaps these dis- 
clate sufficiently so that they catalyze the oxidation of ascorbie acid as in- 
ganic ions rather than as a copper protein. Scheinberg and Morell’? have 
stulated such release of copper from the protein in their theory of the mode 
action of ceruloplasmin in regulating the absorption of copper from the in- 
stine. The present work confirms the findings of Scheinberg and Morell in- 
lar as the lability of 4 of the copper atoms of ceruloplasmin is concerned. The 
sults shown in Table VI, however, make it seem unlikely that the oxidation 


ascorbie acid is due to copper ion catalysis. The pH sensitivity of the system 
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with a maximum pH of 6.0 to 6.5 (System A) differs from that of auto-oxidation 
(System B) so markedly that in the absence of facts to the contrary this action 
of ceruloplasmin must be considered enzymatic in nature. 

Ceruloplasmin substitution therapy has been tried in Wilson’s disease* and 
in schizophrenia* in spite of the serious side reactions’ which may occur. The 
present Investigation shows that in normal individuals (Fig. 3) and in patients 
with cancer of the prostate (Fig. 2) the plasma level of ceruloplasmin can be 
raised by the administration of estrogenie drugs. These studies thus extends 
the findings of Russ and Raymunt** that after estrogen therapy the direet and 
indireet serum copper levels increase considerably. It would be of interest to 
see if the same effeet could be produced in patients with hepatolenticular dis 
ease. Sueh studies might shed considerable light on the cause for the deficiency 
in ceruloplasmin in this disease, whether it be the result of an impaired mech 
anism for the formation of this protein or an inereased rate of its destruction, 
Then too, there is the possibility, although remote, that in Wilson’s disease a 
disturbance may exist in the steroid hormone speetrum which would suppress 


the physiologic stimulus for ceruloplasmin formation. 


TABLE VII. Errect oF ALBUMIN ON ASCORBIC ACID OXIDASE ACTIVITY OF CERULOPLASMIN 


A ABS. x 103/MIN. AT 
SYSTEM 265 Mp 


Ascorbic acid alone 13.3 
Ascorbie acid + ceruloplasmin 61.7 


Ascorbie acid + ceruloplasmin + albumin 60.0 
Ascorbie acid + inorganic copper 60.0 
Aseorbie acid + inorganie copper + albumin 13.3 


In each case the volume was adjusted te 2.5 ml. with 1M acetate buffer, pH 6.0 Each 
system contained 20 ywg of ascorbic acid and when present 0.112 wg Cutt an amount of copper 
equivalent to the 8 copper atoms contained in the ceruloplasmin used in other systems Al 
ae. when added, amounted to 0.1 ml. of a 3 per cent bovine albumin solution in acetate 

In hepatolenticular degeneration low levels of ceruloplasmin are a common 
finding in spite of the fact that the total body stores of copper may be 10 to 
30 times those of normal persons.*° There appears to be an inverse relationship 
between the ceruloplasmin level in plasma and the amount of copper stored o1 
deposited in tissues or organs. Scheinberg and Morell’? have proposed an in 
triguing theory to explain how low levels of ceruloplasmin could lead to an 
increased absorption of copper from the intestine. They postulate that unde? 
proper conditions ceruloplasmin disassociates into copper ions and proteins 
This dissociation would raise the copper ion concentration of the plasma enoug! 
to overcome the diffusion pressure of the dietary copper in the intestine. The 
present study confirms the work of Scheinberg and Morell and shows that unde: 
special conditions some of the copper atoms of ceruloplasmin may become labil 

Sut it also brings out the fact that in the presence of albumin or serum proteins 
copper ions show very little catalytic activity with respect to the oxidation o 
ascorbie acid as shown in Table VII. It will be noticed that copper ions are ver) 
effective catalysts in the oxidation of ascorbic acid. However, the addition o 
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albumin to the system which contains inorganie copper completely suppresses 


this catalytic aetivity. On the other hand, the addition of the same amount of 
albumin to the ceruloplasmin system has no effect upon the enzymatic activity, 
which indicates that ceruloplasmin acts as copper protein and not as a reservoir 
of inorganie copper. It is doubtful if one can assign to the copper atoms of 
ceruloplasmin a diffusion pressure equivalent to that of free copper ions. This 
concept is strengthened by the work cited by Gubler*® which shows that after 
the administration of eopper, either orally or parenterally, the metal is first 
bound by the albumin fraction of the plasma, but later appears in the globulin 
(ceruloplasmin) fraction. As an alternative to the theory of Scheinberg and 
Morell one could assume that one of the funetions of ceruloplasmin is to sequester 
the copper bound by albumin and carry it to specific sites where it can be 
utilized or at least exereted innocuously into the bile. In deficiencies of cerulo 
plasmin such as may occur in Wilson’s disease, the copper bound by the albumin 
of the plasma might be indiseriminately deposited wherever conditions are 
present which would tend to reverse the slight but definite chelating properties 
of albumin. The present coneept differs from that of Seheinberg and Morrel 
in that it does not need to postulate long range forces to prevent the absorption 
of copper from the intestine. It also avoids stipulating the existence of a sig- 
nifieant concentration of free copper ions in the presence of a host of substances 
capable of sequestering them either in the lumen of the intestine or in the blood 
stream. The present hypothesis is based solely on the observation that in the 
presenee of albumin, inorganic copper is catalytically inactive in the oxidation 
of DPP and aseorbie acid and that in vivo ceruloplasmin is capable of seaveng- 
ing the copper bound by albumin. 


SUMMARY 
A study has been carried out as an attempt to relate the copper content of 
ceruloplasmin to its enzymatic activity. It has been demonstrated that not only 
he kind of buffer anion but also its coneentration may greatly affect the en- 
ymatie activity of ceruloplasmin. It has been shown, furthermore, that a 
‘helating agent such as disodium ethylenediamine tetraacetic acid is capable of 
emoving 4 of the 8 copper atoms from the ceruloplasmin molecule with a re- 
uction of the amine oxidase activity of ceruloplasmin to 50 per cent its original 
vel. It has also been demonstrated that ceruloplasmin in vitro has pro- 
ounced ascorbie acid oxidase activity which resides solely in the labile copper 
toms. Proof has been presented to show that the aseorbie acid oxidase activity 
due to the protein copper complex and not to copper ions formed by the dis- 
ciation of ceruloplasmin. Preliminary results have been presented which sug- 
‘st that the level of ceruloplasmin in the blood ean be raised by the administra- 
on of estrogenic substances. The role of ceruloplasmin in copper metabolism 
id in Wilson's disease has been discussed in the light of the reported findings. 
We wish to express our appreciation to Mrs. Mary Maher for her valuable technical 


istance in the manometric studies. We also wish to thank Armour and Company for sup- 


ing hog serum for the preparation of ceruloplasmin. 
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ADRENOCORTICAL FUNCTION AFTER LONG-TERM 
CORTICOLD TILERAPY 
(iABRIEL G. Carreon, M.D., Joun J. Canary, M.D., Ricuarp J. Meyer, M.D., 
AND LAURENCE H. Ky Le, M.D. 





WASHINGTON, D. ¢ 


Prolonged SUP PTESSiON of adrenocortical function is observed after cessation 
of long-term glucocorticoid therapy. Although functional reactivation is achieved 
with the administration of ACTH, it is doubtful whether it is maintained after 
{CTH therapy is stopped. Study was made of 3 patients u ho had received long- 
term glucocorticoid therapy. Daily 24 hour urine levels of 17 ketosteroids and 
17? -hudrorysteroids were measured. After abrupt withdrawal of the corticoid, 
corticosteroid exerction in cach subject was unequivocally low throughout an 
Cnsiendgd to 6 day period, The adre nal ré SPonse to a standard 8 hour in- 
travenous ACTH infusion at the end of this period was subnormal in. all, 
Sustained stimulation with intramuscular ACTH acl for 4 to 5 days induced 
elevated corticosteroid exeretion. Hlowever, a repeat § hour ACTH test that 
immediately followed evoked a subnormal response in 2 of the 3 subjects. After 
stopping sustained ACTH administration, there was immediate as well as per- 
sistent reaqression to a hypoadrenal state and 4 to 11 days later 2 of the 3 sub 
jects still demonstrated an inadequate response to the S hour ACTH test. 
{dministration of ACTH after prolonged corticoid therapy offers no assurance 


of permanent restoration of adrenocortical function. 


INCE the experimental studies of Ingle and Kendall,’ atrophy of the adrenal 

cortex which results from long-term administration of adrenal glucocorticoids 
as been well recognized. There is considerable evidence to support the view 
hat the adrenal atrophy is due to pituitary suppression by the administered 
orticoids, with consequent inhibition of endogenous ACTH production or re- 
ease. Cushine’s syndrome eaused by an adrenal tumor, although comparatively 
nfrequent, is characterized by atrophy of the contralateral gland. This com- 
‘lication, for whieh Selye*? suggested the term “compensatory atrophy,” has 
een postulated to have a similar, if not identical, causal mechanism as the 
drenal atrophy associated with long-term corticoid therapy. 

Adrenal atrophy caused by corticotropin (ACTIL) deficieney can be ef- 
etively reversed by the administration of ACTIL.®: 4 This reactivation of fune- 
on has led to the belief that the use of ACTIT will cause permanent restoration 

normal adrenocortical activity after corticoid suppression and may even 
event the adrenal atrophy that oecurs during cortisone therapy. Kyle and 
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co-workers,’ in a study of 2 patients with compensatory adrenal atrophy caused 
by an adrenal tumor, raised some doubt about this view. The present study ot 
3 patients on long-term ecortieoid therapy provides further doubt and dem 
onstrates the similarity between the prolonged adrenocortical suppression noted 
after removal of unilateral cortieal tumors and that which follows cessation ot 
long-term corticoid therapy. 


METHODS 


Three adult patients were the subjeets of the study; all had been treated with cortisone: 
or allied corticoids for periods ranging from 2% to 7 years. 


General medical evaluation, including assessment of liver and kidney function, was car 


ried out prior to the study. All subjeets were confined to the metabolie ward during the entir 
period of study. The 24 hour urinary excretions of 17-hydroxycorticosteroids (17-OHLCS) and 
17-ketosteroids (17-KS) were used as indices of adrenocortical activity. Urine specimens wer 
collected daily without preservative and kept refrigerated until each collection ended. Al 


quants for the determination of 17-OHCS were frozen until the measurements were mack 
Urinary 17-OHCS were determined by the method of Porter and Silber as modified by Liddl 
and associates,” after B-glucuronidase hydrolysis. Urinary 17-KS were measured by 


method of Holtorff and Koeh.? 


ACTH tests were performed by the intravenous infusion over an 8 hour period of 25 mg 


of ACTH mixed in 1,000 ml. of 5 per eent glucose in saline solution, All infusions 
were begun before 9 A.M. Total eosinophil counts were done before and at the end of ea: 
ACTH infusion and on representative days of the study. 


In 2 of the 8 cases the study was begun while the patient was still taking cortieoids, | 
both cases an ACTH test was performed on the final day of therapy. Corticoids were abrupt! 
withdrawn from all subjects and after 3 to 6 days the adrenal response to an ACTIL test 
determined. Sustained stimulation was then effeeted by the administration of intramuseulat 
ACTH gel, 40 units every 12 hours for 4 to 5 days. An ACTH test immediately followed t] 


period of sustained stimulation and was again performed 4 to 11 days later. 


RESULTS 

l. Patient J. S—The steroid excretion during the entire study ot this 70 
vear-old white man is shown in Fig. 1; the normal resting ranges of bot! 
17-OHICS and 17-KS are indicated by horizontal shaded bands in the figur 
The patient had crippling rheumatoid arthritis for 22 years and had been 1 
eeiving 50 to 75 mg. of cortisone per day during the 7 years whieh preceded tli 
study. The patient looked Cushingoid at the time of evaluation. Liver function 
was normal, and although he had reeurrent urinary tract infection associated 
with prostatie hypertrophy, kidney funetion was within normal limits at the time 
of study. 

Steroid excretion was below normal during the 3 days following abrupt 
withdrawal of corticoid therapy and the response to the ACTH test was sub 
normal at the end of this period: the 17-OHCS did not rise above the norma 
resting range and the 17-KS did not approach normal resting values. Sustaine 
adrenocortical stimulation with intramuscular ACTIT gel resulted in normal t 
elevated urine steroid levels. A repeat ACTIL test then evoked a subnorm: 
response in 17-OHCS and in 17-KS exeretion. After stimulation, steroid ou 


put promptly regressed. No measurable level of 17-OI[CS was found on tli 
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first poststimulation day and steroid exeretion was persistently low throughout 
the next Tl days. The ACTIL test at the end of this period demonstrated an 
Inadequate rCSPONSse ; the 17-OL1ILCS rose onl to the normal restine range. 


Clinieally, there was a flare of the patient’s rheumatoid symptoms associ 


ated with weakness, anorexia, and cosinophilia after withdrawal of corticoids. 


Hlis well-being was temporarily restored by the administration of ACTIL gel 
with concomitant fall in total eosinopliils. llowever, symptoms promptly re- 


curred when the ACTI! was withdrawn 
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Abrupt cessation of corticoid therapy in this ease was followed by evidence 


adrenocortical hypofunetion, Administration of ACTH resulted in adrenal 


activation. After ACTIL was discontinued the patient reverted promptly to 
hyvpoadrenal state which persisted throughout an 11 day period of observation. 


) > 


2. Patient R. B-—The urinary steroid levels on representative days of the 
udy of this 37-vear-old white woman are shown in Fig. 2. Because of various 
lergies, cortisone therapy was begun 3 vears prior to study and continued in a 
sage of 50 to 100 mg. per day. The patient had definite Cushingoid features 
the time of study. Liver and kidney function tests were normal. 
At the beginning of the study, while the patient was taking cortisone, the 
(-OLLCS exeretion was normal and the i7-KS output was below normal. ACTH 


fusion on the last day of corticoid administration evoked no rise in 17-KS 
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excretion but caused an apparent rise in the 17-OILCS level above the normal 
resting range. After abrupt corticoid withdrawal the steroid levels immediately 
fell below normal and were barely measurable during the ensuing 6 days. In 
retrospect, It was clearly evident that the steroid exeretion during corticoid 
therapy was almost entirely of exogenous source and the response to the ACTH 
test was subnormal on the last day of corticoid administration. An ACTIL test 
after 6 days without exogenous corticoids resulted in a subnormal response, com- 
parable in magnitude to the preceding test. Administration of ACTIL gel for 
$ days induced elevated 17-O1LCS levels but the 17-KS output did not. rise 
above the normal resting range. A repeat ACTIL test after the course of ACTII 
vel brought about a subnormal response in 17-OLLCS as well as in 17-KS excre 
tion. Immediate regression of steroid output to low levels occurred after stimu 
lation was discontinued, and an ACTIL test performed 5 days later showed a 


subnorma|l response ; the I7-OHCS levels rose only to low hnormast resting values 
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Adrenal hypofunetion was noted after withdrawal of corticoids in this pa 
tient. Although the adrenals were reactivated with exogenous ACTII, there was 
immediate regression to a hypofunectional state after stimulation was discon 
tinued. 


3. Patient V. M.—The daily 17-OHCS and 17-KS output throughout th 


study of this 48-year-old white woman is depicted in Fig. 8. The normal resting 
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range of steroid excretion is indicated as in the preceding cases. Severe rheu- 
matoid arthritis had afflicted this patient for 7 vears, and she had been taking 
cortisone in a dose of 37.5 to 75 me. per day for 21, vears preceding the study. 
\t the time of evalfation marked Cushingoid features were present, Liver 
funetion was normal. An Escherichia coli infection of the urinary tract was 


present but renal funetion was normal. 
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While the patient was receiving cortisone, the 17-OLLCS exeretion was nor- 
ial and the 17-KS levels were below normal. There was no response to the 
A\CTIL test on the last day of cortisone administration, and steroid exeretion 
romptly decreased to below normal levels upon withdrawal of corticoids. After 

davs without exogenous corticoids, an ACTIL test resulted in a subnormal re- 
ionse. Sustained adrenocortical stimulation with exogenous ACTIL for 5 day S 
duced elevated steroid levels and a normal response in 17-OHCS, but not in 
7-KS exeretion was obtained when the ACTIL test was repeated at the end of 
is period. After the cessation of ACTIL administration, steroid excretion 
vmptly dropped. The mean daily 17-OHCS and 17-KNS outputs during the 
xt 9 days were below normal, although on days 19 to 21 of this study the 17- 
I1CS exeretion was in the low normal range. No 17-OHCS determinations 
re done on days 18 and 22.) An ACTH test repeated 10 days after withdrawal 
sustained ACTH administration showed an adequate response in 17-OHCS 
cretion but not in the 17-KS levels. 








240 CARREON ET AL. J. Lab. & Clin. Med 

A flare of the patient’s rheumatoid symptoms occurred after withdrawal ot 
eorticoids. This was temporarily ameliorated by the administration of ACTH. 
Although symptoms recurred after discontinuing ACTH, they were compara- 
tively milder. 

In this patient hypoadrenalism was observed after corticoid withdrawal. 
Adrenal reactivation with sustained administration of ACTIL was, however, 
more striking than in the preceding two patients. Later, although adequate 
responsiveness to the ACTIL test appeared to have been restored, there was evi 


dence that subnormal adrenal function persisted in the resting state. 


DISCUSSION 


Clinieal studies in man have consistently demonstrated the existence of 
adrenocortical suppression after long-term corticoid therapy." The importanee 
of this complication has been underscored by the reports of fatal postoperative 
adrenal insufficiency after cessation of long-term corticoid therapy.'’ "Ana 
tomic studies bearing on these clinical observations have been cited which in 
dicate the presence of adrenal atrophy and loss of lipid from the cells of the 
adrenal cortex associated with changes in the basophils of the anterior pituitary 
after cortisone administration.'* 

While the existence of adrenocortical suppression after long-term corticoid 
therapy has been well recognized, considerable emphasis has been placed on its 
reversibility. Ilistopathologice studies of the human adrenal cortex after long 
term corticoid administration have indicated that regenerative changes ar 
evident 17 to 51 days after ecorticoid withdrawal,'* although findings suggestive 
of reversal of atrophy have been reported in experimental animals as early as 
4 days after corticoid administration has been stopped.’ Tlowever, Salassa and 
co-workers'! and Slaney and Brooke!'® have clearly shown in man that adrenal 
hypofunetion may persist for several months after the prolonged use of cor 
ticoids. 

An additional patient who did not undergo a complete study has been fol 
lowed for several months after withdrawal of corticoids. This patient is a 15 
year-old white girl with the nephrotie syndrome who had been taking 40 to 50 
mg. of cortisone per day for 13 months. Immediately after withdrawal of the 
cortisone, the urine 17-OIICS ranged from 0 to 0.3 mg. per day (normal resting 
range for this age group, 1.4 to 4.6 mg. per day). More than 5 months later, 
the 17-OHCS exeretion averaged 1.0 mg. per day, a level still below the norma! 
range. 

Most observers* * have stated or implied that adrenocortical suppression ea! 
be readily overcome and some** have indicated that it may even be prevented b) 
the administration of ACTH. There is little doubt that the atrophie adrena 
gland ean be effectively stimulated by ACTH. The more important considera 
tion is whether this reactivation is maintained. The results of this study indicat: 
that although ACTH administration may reactivate the dormant adrenal cortex 
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this effect is not maintained after stimulation is discontinued. This point is 
demonstrated in Figs. 4 and 5.) Hypoadrenalism upon corticoid withdrawal was 
evidenced by subnormal steroid excretions in the resting state and after a stand- 
ard ACTIL test. This situation recurred even after effective reactivation of the 
adrenals was achieved by sustained stimulation with ACTIL. Similar results 
were obtained by Christy and associates'® in their study of a single patient. 
Patient V. M. deserves some special comment. Slight increase in the resting 
levels of 17-O1LCS exeretion into the low normal range may be noted several days 
after cessation of sustained stimulation when these are compared to the levels 
hefore the administration of ACTIL. This might suggest some degree of reactiva- 
tion of the adrenal cortex after sustained ACTIL administration. Tlowever, it 
is quite evident that in this patient, as in the other two, hypoadrenalism persisted 
even after effective reactivation of the adrenal cortices with ACTH. This point 
is shown by the subnormal mean daily 17-OILCS and 17-KS exeretion levels 
Fig. 4) and the obviously low day-to-day 17-KS values after cessation of sus- 


tained stimulation (Fig. 3). 
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Fig. 4 Urine steroid excretion levels 


The integrity of the adrenal cortex in these patients is evidenced by its 
ipability of being reactivated. Data in experimental animals have shown that 
lministered corticoids have no direet suppressive effect on the adrenal cortex 
” any interference with the corticotropie action of exogenous ACTH on the 


lrenals.!*> } It is obvious, therefore, that the inability to maintain adreno- 


tical reactivation in these patients after stimulation has been discontinued 
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Fig. 6 Corticogenic adrenal atrophy 


is due to the profound and long-continued inhibition of endogenous ACTIL pro 
duction or release by the administered corticoids. Our concept of this situation 
a similar, if not identieal, hypothesis as that offered in compensatory adrena 
atrophy associated with an adrenal tumor,’ is demonstrated in Fig. 6. Clearly 
the relative ease with which the atrophie adrenal gland may be activated shoul: 
not be construed as an indication that the activation will last. 

The exact nature of pituitary suppression has been the subjeet of som 
investigation. Studies of the ACTH content of the pituitaries of dogs treate: 
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with cortisone have indicated that there is inhibition of synthesis.'’ More re 
cently, Holub and collaborators®® have demonstrated in rats that the admin- 
istration of cortisone not only decreased the synthesis but also inhibited 
the release of endogenous ACTIL. On the basis of the experiments of Bakke 
and Lawrenee*! on endogenous thyrotropin metabolism, it appears probable that 
corticoid administration affects corticotropin metabolism by first inhibiting its 
release and subsequently its synthesis. Further studies are needed, however, 
for clear elucidation of ACTIL metabolism in the anterior hypophysis. 

There has been discussion on the relationship of the dosage and duration 
of corticoid administration to the degree of adrenocortical suppression. 
Ingle and associates®? in the earliest studies on rats sugeested the existence of 
this relationship but other authors have found no correlation. Christy and co- 
workers" showed that adrenocortical Suppression Was apparently influenced more 
by the duration rather than by the dosage of steroid administration. On the 
hasis of our limited observations, the signifieant role of the duration of corticoid 
therapy is suggested. One patient (V. M.), who had the shortest duration ot 
corticoid administration, had evidence of regenerating adrenocortical function 
9 days after ACTH gel was discontinued. This patient also manifested a more 
striking response in steroid excretion to sustained stimulation. 

Considerable attention has been given to the use of ACTH in various dosage 
schedules to offset corticogenie adrenal atrophy. Some authors have reported 
that the use of intermittent ACTIT administration during prolonged cortieoid 
therapy has maintained normal adrenal activity after withdrawal of corticeoids.’ 
On the other hand, Holub and co-workers*" in experimental studies in rats have 
found that the administration of ACTIL concurrent with or following cortisone 
treatment does not prevent or reverse the depletion of endogenous ACTH, al- 
though adrenal atrophy might be prevented. This latter observation has a elini- 
eal parallel in the patients deseribed in our study. The adrenal reactivation 
chieved by the administration of ACTIT was not maintained after stimulation 
was diseontinued, indieating that the deficiency in our patients was evidently 
in endogenous ACTIL production and or release. On the basis of clinieal and 
xperimental observations therefore, the administration of ACTIL after pro- 
onged eorticoid therapy offers no assurance of permanent restoration of normal 
idrenocortieal funetion. 


SUMMARY 


Adrenocortical funetion was studied in 3 patients who had received long- 
erm corticoid therapy. All patients had marked suppression of funetion. 

Similarity was demonstrated between the hypoadrenalism seen in these pa- 
ents and that observed after removal of unilateral cortical tumors. Adrenal 
activation did not persist after ACTILT administration was discontinued. 

Although adrenocortical suppression may be reversed by ACTH, this  re- 
rsal is not maintained, apparently because of severe and prolonged inhibition 
endogenous ACTIL production and, or secretion. 

The administration of ACTH after prolonged corticoid therapy offers no 
ssurance of permanent restoration of normal adrenocortical funetion. 
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MALABSORPTIVE SYNDROME INDUCED BY NEOMYCIN: 
MORPHOLOGIC: ALTERATIONS INO THE 
JEJUNAL MUCOSA 


MUGENE D. JacoBsox, M.D., Joun T. Prior, M.D., ANbD 
Wittram W. Fauoon, M.D. 
SYRACUSE, N. Y. 
Neomucin in large orally administercd doses induces a malabsorption sun 


drome as measured by a variety of absorptive parameters. This study was unde) 


taken to determine whether a mo phologi counte part to the absor pti e defeet 


occurs in the jejunal mucosa. Biopsic s of the mucosa re obtained in 11 patie nts 


at the time of operation and in 8 subjects by means of the Crosby peroral jejunal 


biopsy capsule, A total of 17 specimens were obtained, of which 7 were controls 


and 10 were taken durina periods of at least 4 daus of continuous neomucin treat 
ment. Changes qualitatively similar to but less marked than those seen in idio 


pathic steatorrhea were observed in all but one of the biopsies from patients 


treated with neomucin. These changes consisted of clubbing of the intestinal 


villi, edema of the lamina propria, and an increase in the number of lymphocytes 


and plasma cells with the lamina propria. In the subject whose jejunal mucosa 
pro} : } 


was biopsied be fore, during, and afte neomue in administration, the je JunuUmMm Was 


restored to normal 18 days after withdrawal of the drug. These findings sugaest 


a corresponde nee hetweeon the absorptive defect and the altercd morphology 


of the jejunal mucosa after the administration of neomycin. 


[' IAS recently been demonstrated that orally administered neomyein induces 
a syndrome with characteristics similar to those observed in certain malabsorp- 
tive states.’ ? Thus, the administration of 12 Gm. of neomyein sulfate daily 
produces steatorrhea, azotorrhea, and interference with the absorption of caro- 
tene, d-xylose, glucose, radioactive iron, and vitamin B,.. Although several 
ossible mechanisms by which these effeets could be produced have been sug- 
rested,? the process involved in the genesis of this svndrome remains obscure. 
me possibility is that neomycin acts by irritating the mucosal surface of the 
mall bowel with the result that the absorptive area becomes less permeable to 
ioleeules and ions which ordinarily traverse it with facility. With this hypoth- 
sis and the knowledge that histologic changes have been deseribed in’ both 
opical and nontropieal sprue,*’ this study of the jejunal mueosa in subjects 
ceiving neomycin has been undertaken. 


MATERIALS AND METHODS 

This study included 14 patients. Eleven were chosen who were scheduled to undergo 
lominal operations which entailed exposure of the jejunum. Three others were studied 
From the Departments of Medicine and Pathology, State University of New York, Upstate 
lical Center, University Hospital, and Veterans Administration Hospital, Syracuse, N. Y 
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by use of the Crosby peroral jejunal biopsy capsule. Of the 11 undergoing surgical proce 
dures 8 patients had subtotal gastrectomy for duodenal uleer, 2) patients had revision of 


previous gastroenterostomy with marginal uleer, and | patient had a total gastrectomy pet 


formed for cancer of the stomach. The jejunal biopsy specimens were obtained at approxi 
mately the same level, generally within several inches of the ligament of Treitz. Five of 
these subjeets received the usual preoperative diet and therapy and were used as controls for 
comparison with the group receiving neomyein, Five patients were given neomycin sulfate 
in doses of 4 Gm, three times daily for from 4 to 24 days prior to operation, \ sixtl 


subject received 4 to S Gm, of neomycin daily for 33 days. 


The 3 patients from whom the jejunal mucosa was obtained by the biopsy capsule wer 


studied as follows: one was biopsied before receiving neomycin, at the end of S days ot 
neomyein (12 Gm. daily) administration, and again 18S days after neomycin had been with 
drawn, A seeond subject was biopsied on the fifth and tenth days of neomycin administra 
tion, The third individual was biopsied on the sixth day of neomycin. All biopsy specimens 


were from the proximal jejunum, 


All tissue was fixed in 10) per cent formalin and the sections were stained wit! 


ematoxvlin and eosin. In addition, seleeted control and treated specimens were stained 
with Sudan IV for the presence of fat, with the periodie acid-Sehiff technique for mucus 


eells and with toluidine blue in an attempt to study abnormalities within the ground 


substance. 

The biopsy specimens included mucosal and submucosal layers in 10) subjeets and 
mucosa, submucosa, and inner muscular layer of the muscularis in 4) patients. Special 
attention was directed to the core of the villus, that is, the lamina propria, and its stromal 
and cellular contents, 

RESULTS 

Histologic alterations whieh appeared to be characteristie of the subjects 
treated with neomyein and which were not found in the untreated subjects or 
in control specimens were observed in all exeept one patient. In this individual 
a normal jejunal specimen was obtained on the fifth day of neomyein adminis 
tration but on the tenth day of neomycin administration a biopsy showed the 
mucosal alterations described later. The muscularis mucosa and submucous 
laver failed to show significant alterations in any of the biopsy specimens. 

The most striking change which was consistently present was an alteration 
within the lamina propria of the mucous membrane. The treated cases showed 
edema and increased cellular infiltration within this zone (Figs. 1 and 2). The 
villi from these patients showed alteration in form, being polypoid, plateau, o 
sometimes mushroom-shaped. These changes in shape came about as a result 
of vascular dilatation, edema, and an increase in the number of lymphocytes 
and plasma cells within the lamina propria. It must be emphasized that not 
every villus from treated patients demonstrated these changes, and that rela 
tively normal villi were sometimes noted adjacent to those showing marked 
structural alterations. In addition, the severity of these changes could not be 
correlated with the duration of drug administration. Thus, one patient whos 
jejunum was biopsied at operation after receiving neomycin for 33 days did not 
reveal as severe changes as another patient subjected to operation who had beet 


exposed to the drug for only 4 days. 


*Neomycin supplied as Mycifradin sulfate by The Upjohn Company, Kalamazoo, Mich. 
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These changes were reversed upon withdrawal of neomyein in one subject 
who was rebiopsied 18 days after cessation of drug administration (Fig. 1). In 
this patient the edema, cellular infiltration, and elubbing of the villi which were 
present in the specimen taken during treatment disappeared in the specimen 
taken after treatment was discontinued. In this same patient urinary d-xvlose 
exeretion values were 4.0 to 4.7 Gm. during control periods and 2.2 Gm. after 
6 days of neomyein administration. This suggests a correlation between histo 
logic and absorptive parameters. The special stain for mucus did not show any 
variation in the number of goblet cells either on the surface or within the ery pts, 
and the Paneth cells were not altered in any specimens. The fat stains showed 
no difference between the contro! and treated subjects and there were no 


differences observed in the amount of metachromatie material in either group. 


DISCUSSION 


The histopathologic findings of tropical and nontropical sprue have been 
described well in recent vears with the advent of jejunal biopsy techniques. 
These findings are summarized in Table I. Similar changes may be seen in 
celiac disease and tuberculous enteritis, but have not been noted in uleerative 
colitis, regional enteritis, pancreatic insufficiency, or peptic ulcer. 

Althoueh the role of gastric disease in producing these findines must In 
considered, Baird and Dodge* have observed that biopsies prior to gastreetomy 
show no significant changes. In their studies of subjects who had undergon 
operations, however, a few patients, particularly those with postgastrectom) 
steatorrhea, showed hyperemia and edema of the villi with early clubbing, mild 
jejunal stromal infiltration, and mild villous atrophy. 


TABLE I. HistoLogic FINDINGS IN SPRUI 


BUTTER NEO- 
WORTH MYCIN 
TROP SYN 
ICAL ) PAULLEY?4 HIMES» SHINER® DROME 


Number of patients 6 2 15 11 14 

Clubbing or coalescence of villi 

Increased numbers of eosinophiles, plasma 
cells, lvmphoeytes, and polymorphonucleat 
cells in lamina propria 

Atrophy of lamina propria 

Edema of lamina propria 

Increase in number of goblet cells in mucosa 

Essentially normal submucosa 

Gaping erypts and distended glands of 
Lieberkulhn 


Compared with the severe structural damage that nontropical sprue inflicts 
on the jejunal mucosa,*® the findings in patients treated with neomycin are no 
striking. Nevertheless, the morphogenesis of the mucosa in these cases 0 
experimental malabsorption may represent changes which are a step in th 
continuum leading from normality to sprue. For comparison a photomicrograp 
of a biopsy specimen from a patient with tropical sprue is shown (Fig. 3). A 


though the changes are far less marked in the specimen from a subject treate: 
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{ B. 
Fig. 3 1, Jejunal biopsy obtained from a patient with tropical sprue (From the col- 
lection of Dr. Charles E. Butterworth.) 2B, Jejunal b sy from a patient CH. K.) who received 
2 Gim. of neomycin sulfate daily for 4 days prior to biopsy (Hematoxylin and eosin, «90; 


educed ly.) 


With neomyein, it is apparent that edema, cellular infiltration and villous elub- 
hing are present in both instances. It is of interest that the cellular infiltrate 
seen In sprue or in jejunal mucosa exposed to neomyein consists of lymphocytes 
and plasma cells, even in the subjects receiving the drug for a short time. Acute 
inflammation elsewhere in the body is characterized by a preponderance of 
polymorphonuclear leukoeytes. Whether round cell infiltration is the typical 
response of jejunal mucosa to nonspecific inflammation or is a property peculiar 
fo neomyvein is not clear. 

Although these microscopic findings in themselves do not delineate the 
lefeet. induced, they tend to support the concept that neomycin produces a 
lefinite histologie alteration in the normal jejunal mucosa. It appears probable 
hat this is responsible for the malabsorption rather than a simple increase in 
he rate of flow of intestinal contents with decreased absorption time. The 
ignificanee of these observations in regard to the cause of other malabsorptive 

ndromes is not yet clear, but the possibility exists that any suitable irritant 
‘ight induee not only the physiologic derangements but also the histologic 
terations which are found in such patients. 


SUMMARY 


Jejunal biopsy specimens were obtained at the time of operation in 11 
tients, 6 of whom had received neomyein for 4+ to 33 days. An additional 6 
» 


ecimens were obtained in 38 subjects by means of the Crosby peroral jejunal 
psy capsule. Changes qualitatively similar to those observed in idiopathic 
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steatorrhea were observed in 11 of 12 specimens from patients treated with 
neomyein but not in specimens from the untreated individuals. These changes 
consisted of clubbing of the villi, edema of the lamina propria, and an increas 
in the number of lymphoeytes and plasma cells within the lamina propria. 


These findings suggest that the malabsorptive state induced by neomycin 


is related to the alterations observed in the jejunal mueosa. 


We are indebted to Dr. Philip Ikens and Frank Parsons for obtaining the open biopsy 
specimens that were studied, and to Dr. Herbert Gullick for advice and permission to study 


patients under his care. We are also grateful to Dr. Charles E, Butterworth for reviewing 
the slides for us. 
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IN VITRO ACTIVITY OF AMPHOTERICIN B ON STRAINS OF 
MUCORACEAE PATHOGENIC TO MAN 
K. C. Watson, M.D., anp P. B. Neame, M.B., Cu.B. 


DturBax, Sour APRICA 


Hluman infections th strams of Vucoracea have appead cd to meredase 
mn frequency during the past fer Ucars, In addition to its well-known association 
with diabetes, mucormucosis may follo antibiotic or steroid therapy or may 
accompany other metabolic disorders. Sinee diagnosis of the condition may 
be made antemortem, an in vitro investigation of the effect of amphotericin Bb 
on pathoge nie Strains was undertaken. These strains were isolated on a medium 
consisting of small picces of sterile bread embedded in Sabouraud’s alucose 


agar at pH 7 0. Isolated strains ineluded Rhi OpUs stolonifers Rh TOpus MmLcrToO 
NPOrus,+ and VWucor h emalis.! 
, 


Concentrations of amphotericin > between 0.06 to 0.08 ma. per milliliter 
! / 


nhibited 6 of the strains. One was inhibited by 2.5 ma. pe milliliter and 





the cmaining 2 were O.1 « 0 mg. pe milliliter. The inhibition appeared 
to be fungistatic in nature. {t lower conecntrations amphotericin B produced 
morphologi chandes characte ized bu marked variations vit the width of the 
hyphae and a failure of sporangia formation, These appearances are mb ommany 


ways similar to those observed in infected tissue. Initial inoculum size appeared 
to be unimportant over a range of 50 to 6.000 Spores. With inocula greater 
than 10,000 Spores normal growth was observed. 

It is suggested that amphotericin B may be of use in the treatment of 


human infections, 


UCORMYCOSIS, the result of tissue invasion by fungi of the family Muco- 

raceae, is a condition which has been reported with inereasing frequeney 
in recent vears. Formerly it was considered to be among the rarest of human 
infections, but it has been suggested that increasing use of antibiotics and 
steroid compounds has resulted in an increased incidence of the condition. 
In addition, mucormycosis has been found in association with diabetes, various 
other metabolic disorders, and debilitating diseases. During the past 10 months 


we have had experience of no less than 18 eases found at routine autopsy. 





Kach of these has shown the typical histologic appearances of blood vessel 
invasion with nonseptate fungal hyphae, thrombosis, polymorphonuelear cell 
infiltration, and tissue necrosis. In 16 of the eases the lesions were present 
in the gastrointestinal tract and in 2 the brain was affected. Details of these 
cases have previously been reported.' 

Mycologic examination of the material available to us resulted in’ the 
solation of 9 strains of Muecoraceae. This material represents the only ap- 
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preciable number of suecessful isolations recorded. Consequently, we have 


taken the opportunity to determine the effect of one of the newer antifungal 
agents on these strains since the diagnosis of mucormycosis has occasionally 


heen made antemortem. 


MATERIALS AND METHODS 


Isolation of Mueoraccac.—Direet microscople examination of material obtained by 
swabbing the uleer sites often showed the presence of numerous coenoe Vile hyphae sugyvestive 
of Mucoraceae (Fig. 1). However, preliminary attempts to isolate these strains on Sabou 
raud’s glucose agar did not yield very satisfactory results. Accordingly, we devised a simple 
method of culture which has proved extremely useful for both primary isolation and the 


growth of strains in the preparation of spore suspensions. This technique makes use of 


the fact that Mucoraceae strains are common contaminants of bread and consists of placing 
a piece of sterilized bread, about 4 ¢.c. in size, in the center of a standard 90 mm. Petri 
plate and adding 15.0 ml. of melted Sabouraud’s glucose agar. Experience showed that 
better results were obtained when the hydrogen ion concentration of the agar was altered 
to pH 7.0 instead of the usual pIt 5.0 to 5.5. Inoculation was made directly onto the 


surface of the bread, and plates were incubated at room temperature. Growth w: 


s usually 


evident after 24 hours and, at the latest, after 72 hours. 





Fig. 1.—Direct swab preparation from gastric ulcer stained with lactophenol cotton blue 
(x50; reduced 14.) 

Preparation of Spore Suspensions.—Inoculated bread agar plates were incubated for 
5 days at room temperature, by which time abundant sporangia formation had occurred. 
Five milliliters of 5 per cent dextrose solution in distilled water was added to the 
surface of each plate. Vigorous rubbing with a sterile dissecting needle disrupted the 
sporangia and the suspension was filtered through a double layer of surgical gauze to 
remove fragments of hyphae and agar. Spore counts were then performed using a Neubauer 
counting chamber. Appropriate dilutions were then prepared in 5 per cent dextrose in 


water. 


Solutions of Amphotericin B.—Amphotericin B belongs to the group of conjugated 
polyene antibiotics which are produced by certain strains of Streptomyces. These agents 
are characterized by typical absorption spectra in ultraviolet light and by antifungal, but 


not antibacterial, activity. 
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Fifty milligrams of amphotericin B was dissolved in 10 


ml. of sterile 5 per cent 
dextrose solution in distilled 


water, and serial doubling dilutions were prepared in the 
same solvent medium. Amphotericin B is freely soluble in this medium but saline must 
he avoided sinee it leads to precipitation of the drug. Fresh solutions were prepared on 
each day of test 


EXPERIMENTAL PROCEDURES AND RESULTS 
Identification of Strains.—All strains isolated were submitted to the Com- 


monwealth Mycological Institute, Kew, london, for final tvpe identification. 


The souree and identification of each strain are shown in Table I. 

Case 6 showed the presence of two different strains from swabs taken 
from two uleers in the stomach. Both uleers showed the typical histologie 
appearances of mucormycosis. Whether this represents invasion by two different 


fungal strains or whether one is a contaminant which was present on the 


The latter is a possibility sinee a third strain, 
VW. hiemalis, was found in the eastrie contents. In 


stomach wall is not certain. 


Case 7, three separate 
isolations of FP. ma rosporus were obtained from three distinet uleer sites. 





rig. 2 \rea of atypical growth adjacent to piece of sterilized bread, and surrounded by zone 
of normal type mycelium 


Kffect of Varying Concentrations of Amphotericin Bon 


Mucoraceae 
Strains. 


One half milliliter amounts of spore suspension were added to 2.5 ml. 
mounts of serial twofold dilutions of amphotericin B in sterile 5 by 5% inch 
tubes. These were ineubated at room temperature and a replicate series of 
ubes was incubated at 37° C. After varying periods of time, 0.1 ml. quantities 
plated onto the surface of Sabouraud’s bread agar plates, which were 
‘cept at room temperature for a period of 7 days. 


vere 


The presence or absence 
t growth and the type of growth were noted daily. Results are detailed in 
lable If. No differences were noted in the results of tubes ineubated at room 
emperature and those ineubated at 37° C, 
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TABLE I.) ORIGIN AND LDENTIFICATION OF MUCORACEAE STRAINS 


CASE NO, STRAIN SITE OF LESION IDEN TIFICATION 
l B stomach Rh. mic rosporus 
2 C rectum R. stolonifer 
) 1) eolon R. mic rosporus 
I kK colon R. stolonifer 
» I" colon Rh. stolonifer 
Ou G gastrie contents VW. hiemalis 
6b Il stomach R. mic rosporus 
fie | stomach R. stolonifes 
7 J stomach R. microsporus 


This procedure was repeated in a series of experiments with varying 
reaction times (range, 24 hours to 7 days) between the spore suspension and 
the antibiotic. In the ease of Strain F, the minimal inhibitory eoncentration 

M.L.C.) fell from 0.06 to 0.03 me. per milliliter after 48 hours. The M.LC 
of the other strains showed no change over the 7 day period, 

With each strain tested, the type of growth produeed at concentrations 
helow the M.L.C. presented an atypical appearance. This consisted of a flat 
zone of vellowish pigmented growth about 1.0 em. in width surrounding the 
piece ot sterilized bread (Fie. 2). This reeion showed none of the usual 
appearanees of aerial hyphae and no signs of rhizoid formation, sporangio 
phores, or sporangia. The growth was easily removed from the surface of the 
agar. After a further 2 to 3 days there developed an area of normal growt! 


which surrounded the area of atypical growth. 


Effect of Inoculum Size on the Action of Amphotericin B.—Varying 
numbers of spores in 0.9 ml. amounts of suspension were allowed to react with 
constant coneentrations of amphotericin B in 0.1 ml. amounts for varying 
periods of time. Plating in the usual way was then earried out. Representative 
results for two of the strains are shown in Table IIT. 

Where concentrations of amphotericin B lower than the minimal inhibitors 
concentrations were used, complete inhibition of growth did not oceur with 
any strain, at least for inocula of 50 or more spores. It seemed that the siz 
of the initial inoculum within the limits of 50 to 6,000 spores was relatively 
unimportant. Where verv large inocula were employed of more than 10,000 
spores per milliliter, the normal type of growth was observed instead of the 
atypical appearance already mentioned, whieh suggests that a number of the 


spores were unaffeeted by the amphotericin B. 


Nature of the Antifungal Activity of Amphotericin B.— An investigation 
was undertaken to determine whether amphotericin B exerted merely a fungi 
static effect, or whether actual spore death occurred. One half milliliter amounts 
of spore suspensions of strains B, C, D, BE, F, G, H, and I were added to 2.5 ml 
amounts of amphotericin B (final coneentration 4.0 mg. per milliliter), Afte: 
varying periods of time (range, 24 hours to 7 days) the suspensions were 
washed 3 times in 30 ml. of 5 per cent dextrose solution. The spores wer 
finally resuspended in 2.5 ml. of dextrose solution and were plated onto 


Sabouraud’s bread agar. Each of the strains grew in spite of the initiall) 
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»») 
TABLE Tl. MINIMUM INHIBITORY CONCENTRATIONS OF AMPHOTERICIN B 
ON MUCORACEAE STRAINS 
INOCULUM riIME OF REACTION M.L.C. 
STRAIN SPORES HOURS MG./ML. 
Rh 4 |) o4 » 5.0 
_¥& 6.000 o4 0.038 
ID 8R() 4 0.06 
kK 2.660 24 0.06 
KF "600 24 0.06 
G 2 760 24 2.5 
I] H50 o4 O08 
| 6.000 o4 O.08 
J 5.200 24 » 50 
high coneentration of amphotericin B. In each ease, however, the appearance 


of visible growth was delaved for 48 to 72 hours, as compared with non- 
antibiotic treated control SUSPeNSIONS, This suggests that the action of the 
drug is essentially fungistatie. Microscopie examination of spores, after 7 days’ 
contact with 4.0 me. per milliliter of amphotericin B, did not reveal any change 


In morphogenesis. 


TABLE TLL. Errecr of AMPHOTERICIN. B ON VARYING TNOCULA 


AMPHOTERICIN B TIME OF 
CONCENTRATION INOCULUM REACTION 
STRAIN rUBE NO MG./ ML. SPORES HOURS RESULT 
B I 1.0 3,690 24 
= 1.0 1,845 24 
) 1.0 922 24 
j 1.0 1640) 4 
o 1.0 20) 24 
6 1.0 115 24 
rj 1.0 57 4 
1) l 0.05 6.250 24 
po 0.03 3.129 94 
3 0.03 1.560 o4 
} 0.038 TRO o4 
5) 0.05 390 24 
6 O08 195 24 
7 0.03 Q7 D4 
itypical flat zone of growth with surrounding periphery of normal growth. 


DISCUSSION 


Although considerable attention has been recently devoted to mucormycosis, 
ere are very few eases described in which the causative fungus has been 
sOlated and identified. This is due to the fact that the postmortem appearances 
‘e often not recognized, and the diagnosis is usually made in retrospect from 
stologie sections of infected tissue. Previous reeorded isolations from human 
ssue include an unidentified strain of Mucor? Rlozopus arrhizus,® and three 
amples of Rhizopus oryzae’ In addition Bauer and associates’ deseribe two 
r'ther species from human material, Absidia ramosa and Absidia corymbifera. 
fection has also been deseribed in a number of animal species including birds, 
ws, ples, horses, and cows, with different strains of Mueor, Rhizopus, and 
sidia. 
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» 


In those eases where the effeet of amphotericin B was to alter the char- 
acteristic morphogenesis of the fungus, the hyphae produeed were of a rudi- 
mentary type, with marked variation in width of individual hyphae from 5 to 


S Te 9 


25 u (Fig. 3). No sporangia were seen, although certain of the hyphae showed 


o 4 mh 4 
hid pF 

. “tg & % 
PISS 

Oo Xr. > ff 


Fig. 3 Abnormal hyphae which resulted from spores treated with amphotericin BE (x 200 


reduced! ) 


a terminal swelling, which may represent an attempt at rudimentary sporangium 
formation. The appearances of the hyphae, under these circumstances, corre 
spond in many ways with those seen in sections of infected tissue. In the latter 
site, one of the characteristic features is the marked variation in width of the 
hyphae. Similarly, sporangia are not numerous in tissue sections. These ap 
pearances are possibly the result of host tissue reaction and may represent 
damage to the fungus. Fig. 2 shows occasional appearances of apparent septa 
tion of the hyphae; similar appearances are often found in filaments in infected 
tissue. Some of these appearances are due to the refractile edges of intra 
eytoplasmie vacuoles, True septation, however, does not oceur and the hyphac 
which grow out normally from the edges of these areas of abnormal growth, ar 
coenoeytie. 

The findings presented here indicate that amphotericin B has an antifung: 
effect on certain Mucoraceae strains, some of which were considerably mor 
sensitive than others. Eaeh of the four strains of R. stolonifer was inhibite: 
at a concentration of 0.03 to 0.06 mg. per milliliter. Two of the four strains o 
R. microsporus were 0.1 < to 5.0 mg. per milliliter and the strain of 1 
hiemalis was inhibited at 2.5 mg. per milliliter. The results suggest th: 
amphotericin B may play a part in treatment of human mucormycosis in thos 
eases in which the diagnosis ean be established antemortem from biopsy spec! 


mens. Chick and co-workers’ ® arrived at similar conclusions from findings 0 
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i 
the effeet of amphotericin B on experimental mucormycosis in rabbits and rats 
and also coneluded that amphotericin B has a fungistatie, rather than a fungi- 
cidal, effect. 
In addition to the findings presented here, we tested all the strains against 
further conjugated polvene antibiotic, nystatin. Concentrations between 25 
and 1,000 units per milliliter had no inhibiting effect on any of the strains. 
Our experience in isolating funei from patients with mucormycosis sug- 
vests that some caution is necessary before an attempt is made to establish a 
easual relationship between any particular strain of organism and the pathologic 
lesions. This applies particularly to lesions in the gastrointestinal tract, since 
Mucoraceae strains are common contaminants of certain foodstuffs. For ex- 
ample, in Case 6, two separate strains were isolated from two ulcer sites in the 


stomach and a third strain was found in the eastrie contents. 


SUMMARY 


The effeet of amphotericin B on nine strains of Mucoraceae was investigated. 
Might of these were recovered from gastrointestinal ulcers from human eases of 
mucormyeosis, and the ninth from gastric contents. Two of the strains were 
resistant to concentrations of amphotericin B of at least 5.0 me. per milliliter; 
one showed a minimal inhibitory concentration of 2.5 me. per milliliter; the 
remaining six were sensitive at 0.06 to 0.038 me, per milliliter. 

Amphotericin B would appear to be worthy of therapeutic trial in cases 
of mucormycosis where diagnosis from biopsy material can be established ante- 
mortem. The action of the drug would appear to be essentially fungistatie. 

We are indebted to Dr. TL A. Dale, Commonwealth Mycological Institute, Kew, London, 

identification of cultures. : 
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GONADOTROPIC HORMONE DISTRIBUTION IN PROTEIN EXTRACTS 
OF TROPHOBLASTIC TUMORS IN MAN 


CHARLES F. Napier, M.D., AND Rauteu A. Reisreip, Pu.). 
BETHESDA, Mp. 


Previous mvestigations have described gonadotropr hormone acti ity it thie 


qanma and beta dglobulin fractions of sera from pregnant momen, Hlormone 


assay of the fractionated scra of patients with trophoblastic tumors demonstrated 
4 / l 


gonadotropi actu ity til the he ta, alpha > and, occasionally, alpha dlobulins. This 


study was undertaken in order to determine the distribution of qonadotropi 


activity in protem extracts of trophoblastic tumors, 


Protein fractionation was performed bu Tone cleetrophores Ss on polyvinyl 


chloride resin and column chromatography using dicthylaminocthulecllulose. The 


rat ovarian hyperemia method was used to assay gonadotropi acti ty. 


Protein patterns of tumor ertract showed an tnecrease ti alpha and alpha 
globulins and a decrease in gamma globulin and albumin when compared with 
serum, 

Gonadotropic acti ity was prese nt in the beta, alpha , and alpha aglobulin 
fractions and was not found in gamma alobulin or albumin. The arcatest hoi 
moire activity was found “ai the be ta dlobulings. 


The significance of these findinas is discussed. 


Pe IRIONTIC gonadotropie hormone is present in blood and urine of pregnant 


women and of patients with various trophoblastic tumors. 
Fanard 


Demol and 


reported that vonadotropic hormone activity in serum of pregnant 


women was located exclusively in the beta globulin fraction, but Reisfeld and 
co-workers found activity in the gamma globulin fraction as well. Furthermor 


the latter observers found hormone activity in serum beta, alpha., and, oceasior 


ally, alpha, globulins of 12 patients with trophoblastic tumors. These result 
suggested a possible difference between the serum chorionic vonadotropin iD 
pregnant women and patients with trophoblastie tumors. Studies were therefor 


undertaken to determine distribution of chorionic gonadotropie activity i 


protein fractions of trophoblastic tumor extracts. 


METHODS 
Five patients with trophoblastic tumors were studied, including 4 females with 
tologically proved metastatic choriccarcinoma and one male patient with teratocarcinoma a 


choriocarcinoma of the testis. Tissue from the females was obtained from pulmon: 


metastases 1 to 4 hours post mortem and tissue from the male was obtained at time 


excision of a testicular tumor. Lung tissue of a patient who died suddenly from a 


blastoma was used as a histologically normal control, 
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*The term, trophoblastic tumors, refers to 


chorioecarcinoma, chorioadenoma destrue 
hydatid mole, and syncytial endometritis. 
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All tissues were frozen immediately and stored at —15° C. until used. All subsequent 
work was performed at 4° C. No significant difference in amount of protein extracted or 


in the type of protein pattern obtained by electrophoresis could be found when comparing 
frozen with fresh tissue. 


The tumor nodules from the lung and testis were cut free from grossly normal tissue 
as well as from neecrotie debris. Varying weights of tissue, 8 to 35 grams fresh weight, were 
used for extraction. After the tissue was sliced into thin segments it was washed in cold 
physiologic saline for 30 seconds, homogenized in a Potter-Elvehjem homogenizer, and ex 
tracted with 0.14M KCl as suggested by Barry. The tissue was then extracted with 4 
volumes of 0.14M KCI and the resulting homogenate was agitated for 1 hour at 4° C. and 
centrifuged in a Spinco model L ultracentrifuge for 2 hours at 15,000 g. The small amount 
of cellular debris was discarded and the red supernatant was analyzed for nitrogen content 
by the micro-Kjeldahl method.5 Values of 1.14 to 2.24 mg. nitrogen per milliliter of extract 
were obtained. Concentration by ultrafiltration® yielded a working protein solution which 
averaged 10 mg. nitrogen per milliliter. 

Protein fractionation of the tumor extracts was accomplished by zone electrophoresis 
on Geon, a polyvinyl chloride resin,? using Veronal buffer, pH 8.6, ionie strength 0.05, and 
phosphate buffer, pH 7.0, ionie strength 0.075. 

Chromatography on diethylaminoethylcellulose columns was also utilized for fractionation 
using 0.005M tris phosphate, pH 8.6 (0.4M_ tris hydroxymethyl aminomethane, O.005M 
phosphate), as a starting buffer and 0.5M Tris dihydrogen phosphate, pH 3.4 (0.5M. Tris, 
0.5M phosphate), as a limiting eluent.2. A compound, concave elution gradient was obtained 
by using a variable gradient device with 9 identical chambers connected in series in hydro 
statie equilibrium. The first chamber contained starting buffer and the last chamber limiting 
eluent; mixtures of both were present in the other chambers.7 The volume fraction of limit 
eluent in each chamber is given in the series: 0, 0.016, 0.02, 0.09, 0.02, 0.3, and 1.0. Protein 
concentration was determined in eluates containing Veronal buffer in a Beckman DU_ spee 
trophotometer at 284 my to minimize absorption of Veronal.s  Eluates which contained 
phosphate buffer were examined at 280 mp. After concentration by ultrafiltration protein 
fractions were identified on an LKB* paper electrophoresis apparatus with Schleicher 
and Schuell 2043 B paper and either Veronal buffer, pH 8.6, ionic strength 0.083, or 
phosphate buffer, pHl 7.0, ionic strength 0.05.2 Electrophoretic patterns of unfractionated 
extracts served as guide strips for identification of the separated fractions. The various 
fractions were arbitrarily designated by the same nomenclature as used for 


albumin, alpha,, alpha,, beta, and gamma globulin. 


serum, 1.¢., 


Gonadotropic activity was determined in aliquots of each fraction from both zone 
electrophoresis and column chromatography by the rat ovarian hyperemia method® using 
immature Sprague-Dawley rats that weighed 35 to 45 grams. Fractions from the column 
vere diluted serially until no further activity could be detected. 

Elimination of hemoglobin, which masks underlying proteins, was accomplished by 3 
separations on zone electrophoresis. The first run utilized phosphate buffer, pH 7.0, ionic 
trength 0.075, in which hemoglobin migrates with the mobility of gamma globulin. At end 
f the run the Geon block was sectioned on the anodal side of the grossly visible red hemo 
lobin band, yielding Fraction A (hemoglobin and gamma globulin) and Fraction B (albumin, 
Ilpha,, alpha,, and beta globulins). A second run with Veronal buffer, pH 8.6, ionic 
trength 0.05, was made using Fraction A as the sample. At pH 8.6, hemoglobin migrated 
ore rapidly than gamma globulin and the Geon block was cut just behind the red hemoglobin 
and to yield Fraction C (gamma globulin) and Fraction D (hemoglobin). Finally, a third 
in which combined concentrated eluates of Fractions B and C was made using Veronal 

iffer, pH 8.6, ionie strength 0.05, which resulted in a protein pattern relatively free of 


( moglobin. 


*LKB-Produkter, Stockholm, Sweden. 
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RESULTS 

Zone Electrophoresis.—Zone electrophoresis in which Veronal buffer, pH 
8.6, and phosphate buffer, pH 7.0 were employed, vielded different protein pat- 
terns when determined by absorption at 284 and 280 my, respectively. The 
difference was caused by interference by hemoglobin in the tumor extract. A 
large peak of material which absorbed at 284 mp and whieh was also red in color, 
was noted in the alpha, and beta globulin region when Veronal buffer was used. 
The same peak was present in essentially equal magnitude in the gamma globulin 
zone When phosphate buffer was used and the fractions were read at 280 mu. 
Maximum density occurred at 420 mp, a wavelength of maximum hemoglobin 
absorption. 

When hemoglobin was removed from the extract, the pattern on final separa- 
tion closely resembled those made with phosphate buffer (pH 7.0, ionic strength 
0.05 ) except for the absenee of the tall peak which contained hemoglobin in the 
gamma globulin area. 
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Fig. 1 Zone electrophoretic pattern of a_ tissue extract of metastatic choriocarcinoma The 


plus signs (+) indicate gonadotropic activity 


After removal of hemoglobin all protein patterns were similar and showed 
an increase in alpha, and alpha, globulins as well as a decrease in albumin and 
gamma globulin when compared with serum. Frequently the albumin and beta 
globulin fractions were less in amount than either the alpha, or alpha, globulin 
fractions. These findings indicate a quantitative and qualitative difference 
between protein patterns of trophoblastic tumor extracts and those of serum 
No characteristic patterns were obtained which could be identified specifically 
with choriocarcinoma tissue extracts. 

Chorionic gonadotropic assays always indicated activity in the beta, alphas. 
and alpha, globulin fractions. No activity was found in albumin or gamma 
globulin in any patient. The separated hemoglobin fraction contained no as 
savable gonadot ropin. 

No significant differences in protein pattern or gonadotropin distribution 
were noted when the tumors of the female patients were compared with thi 
tumor of the single male patient; however, the number of extracts examined is 


too small to be conelusive. 

















vat me 56 GONADOTROPIC HORMONE DISTRIBUTION IN PROTEIN EXTRACTS 96] 
imber 2 

Fig. 1 illustrates a zone electrophoretic pattern of a tissue extract obtained 
from a female patient with echoriocarcinoma after elimination of hemoglobin by 
the method previously deseribed. The hormone was found in the beta, alphas, 
and alpha, globulin. No activity was noted in gamma globulin or albumin. 





— 


Albumin 





2 Paper electrophoresis patterns of concentrated fractions from zone electrophoresis 
analysis shown in Fig. 1 

Identification of protein fractions obtained by zone electrophoresis in Fig. 

Was arrived at by paper electrophoresis of the fractions after concentration by 

ltrafiltration. Fig. 2 represents these electrophoretic patterns which indicate 
he protein fractions to be relatively homogeneous. 

Column Chromatography.—Fig. 3 illustrates the effluent diagram obtained 

vy chromatography of a tumor extract from the tissues of the same patient 
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depicted in Figs. | and 2. Hemoglobin was not removed. The solid line repre- 
sents protein concentration estimated at 280 my and the broken line represents 
readings at the same wavelength of effluent fractions which were grossly pink 
or red. The pH of the effluent throughout the gradient elution is shown at top 
of the diagram. Gonadotropie activity, represented by the stippled area, was 
roughly quantitated by serial dilution of the fractions and by bioassay. There 
was gonadotropic activity in all undiluted eluates but peak activity oeeurred 


only in a relatively small area. The fractions shown in the stippled peak were 
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FRACTIONS 


Fig. 3 Chromatogram of same tumor extract as in Figs. 1 and 
nates region of gonadotropic activity. Dotted line 
hemoglobin 


Stippled area desis 
represents fractions which contained gro 


pooled, concentrated, and run on zone electrophoresis ; this process more Corn 
pletely separated the protein fractions in this peak of relatively high hormon 
concentration, Gonadotropie activity was present only in beta globulin frac 
tions; thus quantitatively the beta globulin represent the zone 
activity. 


ot ereates! 
The zone electrophoretic fraction was again identified by paper elec 
trophoresis using whole tissue extract as a guide. Examination of normal lung 
tissue extract by column chromatography revealed a similar pattern; however 
there were qualitative differences in protein content of some of the smaller peak 
when identified by paper electrophoresis. 
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DISCUSSION 


Certain limitations must be considered in evaluation of protein patterns 
obtained from human neoplastic tissue. The tissue is usually not fresh and it 
is impossible to eliminate all neerotie tissue and blood from such an extract. 
Unless these limitations can be overcome it is extremely difficult to be certain 
that the protein pattern of a particular tumor may not be considerably altered 
by necrotic tissue, denatured protein, or hemoglobin. In the present study, 
extracts from pulmonary metastases of choriocareinoma and normal lung tissue 
revealed similar protein distribution as measured by absorption at 280° muy. 
Utilization of another technique, paper electrophoresis, revealed qualitative 
differences, thus pointing out the need for evaluation by several techniques in 
order to establish differences in protein patterns obtained from tumor extracts. 
Furthermore, elimination of hemoglobin produced markedly different protein 
patterns whether zone or paper electrophoresis Was emploved, 

The present study, as well as those of Reisfeld and associates? and Demol 
and Fanard,’ indicates that beta globulin is the predominant protein fraction 
associated with gonadotropic activity. It has not been determined whether or 
not there is an Interaction between the hormone and the beta globulins. It is 
possible, however, that the beta globulin fraction contains a substanee with 
special affinity for vonadotropie hormone, Possibly other fractions contain 
vonadotropie activity only when all interaction sites in the beta globulins are 
itilized. 

It is not known whether the differences in gonadotropie hormone distribu- 
tion in sera of pregnant women and tumor extracts are due to an alteration in 
structure of possible earrier proteins or to a different kind of metabolic degrada- 
tion of the hormone. To elucidate any of the possibilities mentioned, further 
vork is necessary with respect to purification of chorionic gonadotropin and a 


study of its physicochemical properties. 


SUMMARY 


Distribution of gonadotropie hormone activity in fractionated trophoblastic 
mor extract has been investigated using zone electrophoresis on polyvinyl 
hloride resin and column chromatography on diethylaminoethyleellulose. Hor- 
lone activity was present in the alpha,, alpha, and beta globulins. Greatest 
ctivity was associated with the beta globulin fractions. A zone eleetrophoretic¢ 


ethod for removing hemoglobin from tumor tissue extract has been described. 
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NEPHROPATHY IN MICE AFTER EXPOSURE TO GROUP A, 
TYPE 12 STREPTOCOCCI 
Nancy H. Hinkue, M.D., Jounx Partin, M.D., ann CLark D. West, M. 
CINCINNATI, OHIO 


— 
~ 


Small chambers made of Pleriglas and a semipermeable membrane which 


contained pure cultures of Group <A, type 12 streptococet were implanted intra 
pe ritoneally in mice and allowed to remain for 48 hours. The porosity of the 
le mbrane allowed ESCA pe of hacterial products hut not of organisms, Mice é€r- 


posed to type 12 streptococei in this way developed a nephropathy which, accord- 
ing to measurements of proteinuria, reached its peak 2 days after removal of the 


chambers (4 days after implantation). The lesions consisted of a mild glomeru 


litis and a more severe involvement of the tubules at the corticomedullary junc 
tion characterized bu sloughing of the tubular epithelium. These lesions did 


not occur in animals exposed to othe) types of Group A stre ptococet or other 


bacteria. A possible relationship to acute glomerulonephritis is discusse d. 


A CAUSAL relationship between acute glomerulonephritis and exposure to 
nephritogenie strains of B-hemolytie streptococci has been well estab- 
lished in humans, but, until recently, attempts to employ these organisms to 
produce the disease in animals have been unsuccessful. In a recent study by 
Kelly and Winn,’ renal lesions were produced in animals after contact with 
streptocoeci, Cultures of nephritogenie strains of Group A, type 12 strep- 
tocoeci were sealed in small diffusion ehambers impermeable to the bacteria 
and implanted intraperitoneally in mice for periods of 24 to 72 hours. At 
death 1 week later, significant renal lesions which involved both the glomeruli 
and tubules were found. The lesions were not seen in animals which received 
non-nephritogeni¢ types of st reptocoeei. 

Reported in this artiele are further studies in which the teehnique de- 
scribed by Kelly and Winn was employed. The results confirm, in part, their 
observations in regard to production of renal lesions and also include examina- 
tion of the urine for protein and oceult blood, and examination of the renal 
esions for deteetion of homologous gamma globulin, using the fluorescein- 
abeled antibody technique. 


EXPERIMENTAL PROCEDURES 
Vatcrials—White female mice, 3 to 5 months of age and weighing 25 to 35 grams, 
ere used exclusively. They were divided into three experimental groups. 
Group [ comprised 69 mice which received implants containing only Group A, type 
2 streptococci. Five strains of these organisms were used. One strain, DSBS893, was the 
From the Children’s Hospital Research Foundation and the 
niversity of Cincinnati College of Medicine, Cincinnati, Ohio. 
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nephritogenic (19 mice), and another, GS208-4, the non-nephritogenic strain (20 mice 
used by Kelly and Winn.* Two strains, DS713-9 and C1572, were isolated from two patients 
with rheumatie fever in remission (28 mice) and one strain, DS715-9, was isolated from 


a patient with acute glomerulonephritis (2 mice). 


Group IL is composed of 41 mice that received cell implants which contained organ 





isms other than Group A, type 12 streptococci, Thirty-eight mice in this group received 
Group A, type 3 (GS210-4), type 6 (DS716-9), type 386 (SS269), or Group D> strepto 
cocei (DS717-9). Three received staphylococci, two a phage type 80-81, and one an un 
tvpable virulent strain. 

Group IIL consisted of 24 normal mice not subjected to manipulation and 16 animals 
that received implants of chambers which contained only the sterile heart brain infusion 
broth (Difeo) which was used for the culture media in Groups I and IT. 

The diffusion chambers differed in dimensions from those described by Welly and 
Winn.! They were small squares of Plexiglas which measured 24 by 24 by 3 mm. with 
a central hole of 13 mm. diameter. The edges were rounded to reduce trauma. Glued on 
either side of the central hole were pieces of membrane filter of dense porosity,? which 
formed a small chamber. A 8 em. length of polvethyvlene tubing replaced the glass eapil 
lary emploved by Kelly and Winn to fill the chamber. The polvethvlene tubing and the 
membranes were sealed to the chambers with a cement made of Plexiglas dissolved in 


chloroform. 








Refrigerated stock cultures of bacteria in semisolid blood agar were recultured in 
heart brain infusion broth for 12 to 18 hours prior to introduction into the cells. Handling 
of the stock cultures in the laboratory did not result in dissociation of the strains or loss 
of serologic properties, The stock cultures were subeultured only three times during the 
period of experimentation at intervals of 2 to 3 months. At the conclusion of the experi 
ment all cultures were retyped at the Ohio State Public Health Laboratory, Columbus, 
Ohio, and found to have retained the original serotype. The colony morphogenesis of all 
type 12 strains, analyzed under the dissecting microscope with oblique illumination, was 
homogeneous and consistent with that deseribed for virulent or mat colony types. Further 
evidence of the sustained virulence of the type 12 organisms was illustrated by the deat] 
of mice inadvertently contaminated during manipulation. In the last experiment pet 
formed, 1 of 10 mice exposed to type 12 organisms vielded B-hemolytie streptocoeci or 


culture of its peritoneal cavity and died the following day. 


Preparation of the Diffusion Chamber.—The Plexiglas chambers were soaked in 70 per 












eent aleohol for 20 minutes, allowed to dry, and handled with a sterile hemostat while thi 
culture material was injected into the cell via the polyethylene tubing. The chambers wer 
filled to approximately one third eapacity. After the culture or broth was introduced, the 
tip of the polyethylene tubing was ignited and allowed to burn until only a 1 to 2 mn 


stub remained. This formed an adequate seal, 


Operative Procedure.—The mice were anesthetized with intraperitoneal pentobarbital 
sodium supplemented with drop ether as needed. The hair was clipped from the abdome 
and the mouse was strapped onto a board covered with sterile drapes. The abdomen was 
painted with tincture of iodine and the animal was draped to expose only the abdomen. A 


longitudinal incision was made t 


» the left of the midline and the cell was inserted int 
the peritoneal cavity. The incision was closed in 2 layers. The instruments were washe 
in antiseptic soap and soaked in 70 per cent aleohol after completion of each operatior 


The hands of the operator were scrubbed before each operation. After 48 hours the mic: 












*Dr. Elaine L. Updyke, Staphylococcus and Streptococcus Unit, Communicable Diseas 
Center, Chamblee, Ga., supplied cultures of Group A _ streptococci: type 12 (nephritogeni 
strain DSB-893; type 12 (nonnephritogenic), strain GS-208-4; type 3, strain GS-210-4:; typ. 
36, strain GS-229-4 The following cultures were typed in her laboratory: Group A, type 12 

717-9. 


strains DS 715-9 and DS 713-9 and, Group D, strain DS 7 


+Membranfilter Gottingen obtained from Carl Schleicher and Schuell Company, In 
Keene, N. H. 
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were reoperated upon using a longitudinal ineision to the right of the midline and the 


chambers were removed. Immediately after the peritoneum was incised to remove the 


chambers, a eulture swab was made of the peritoneal cavity and placed in blood broth. 
The eell was then removed and its contents were cultured in the same manner. The culture 
swabs were streaked on blood agar plates and the plates were incubated at 37° C. over 


night. Only if the peritoneal cavity was sterile and the chambers yielded, on plating, a 
pure culture of the organisms being tested, were the animals included in the study. 


Urine Studics.— Beginning the day after implantation of the cells, urine samples were 


collected daily over a 4 to S hour period and were tested for oeceult blood and for pro 
tein. Each mouse was placed in a large polyethylene funnel with a wire mesh bottom; 
the funnel tip was inserted into a test tube. The urine was rarely contaminated with 


feces. Detachable wire tops prevented escape of the animal. A qualitative test for 
oecult: blood was made by reacting the urine with a peroxide using orthotolidine as an 


ndieator.* Urinary protein was determined on a 0.2 mil. 


sample by precipitating with 


Tsuchiva’s reagent, dissolving the precipitate in (.ON NaOH, and subjecting an aliquot of 


the alkali solution to the Folin-Ciocalteau procedure as modified by Lowry,? using bovine 


serum albumin as the protein standard, 


Tissue Studics.—WKidnevs removed at autopsy were divided; one part was frozen 
rapidly for reaction with fluorescein-labeled antibody and the other was fixed in 10 per 


cent formalin. Formalin-fixed seetions were stained with hematoxylin and eosin and with 
the Jones stain. 

The fluorescein-labeled antibody studies employed antisera to mouse gamma globulin 
ade in rabbits. The rabbits were injected on two occasions, 2 weeks apart, with 3 ml. 
Freund’s adjuvant containing gamma globulin, obtained by continuous flow paper elec 
trophoresis of mouse serum. The rabbits were exsanguinated 4 weeks after the first injee 
on, The gamma globulin fraction of the antiserum was separated by the cold ethanol 
ethod,4 labeled with fluorescein isothioevanate by the method of Riggs and co-workers,5 


ind before use absorbed with rat liver powder.6 The final labeled antibody solution 


ontained 7.4 mg. protein per milliliter and 2.5 meg, fluorescein per milligram protein. 
ts antibody content was verified by immunoelectrophoretic analysis; a single line of 
precipitate corresponding in position to gamma globulin was seen when the antiserum was 
ested against normal mouse serum electrophoresed in agar. Frozen 


Iney cut to 7 


sections of mouse 
mu on the freezing microtome were fixed in ethyl alcohol and acetone 
nd reacted with labeled antibody solutions for 30 minutes, washed, and mounted in the 
sual manner, To eliminate fluorescenee resulting from reactions of the antiserum with 
Nuble gamma globulin fixed in the tissue, some sections were washed in a 3 per cent 


wlyvinylpyrrolidone solution in buffered saline for 5 minutes prior to alecohol-acetone 


xation. 
RESULTS 

Although initially the mortality rate in the immediate postoperative 
eriod was high, as technique improved, the operative mortality rate became 
egligible. Mice in Groups I and IL usually appeared sluggish, even toxic, 
uring the 2 days of exposure to the bacterial culture. Recovery was usually 
rompt after removal of the chambers. Those Group IL mice which received 
uplants containing staphylococci were most toxic. Most of these mice died 
nd the remainder did not recover for several days after removal of the 
hamber. Group ILL mice showed no toxic symptoms. 

Proteinuria and Hematuria.—After chamber implantation, the animals of 
roup [| (Group A type 12 streptococci) showed a distinetive pattern of protein 


*Occultest, Ames Company, Inc., Elkhart, Ind 
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exeretion which was rarely seen in animals of Groups Il and IIT. In Group III 
animals (controls), protein concentration in the urine (Fig. 1) was usually 
less than 200 mg. per cent but occasionally as high as 280 mg. per cent. Using 
300 mg. per cent as the upper limit of normal urine protein concentration, an 
abnormal proteinuria developed in 48 of the 58 (82 per cent) mice in Group | 
on which urine collections were made. As shown in Fig. 2, the highest levels 
of protein excretion occurred usually on the third or fourth day after im 
plantation of the chambers (1 to 2 days after the chambers were removed) and 
at times reached values which exceeded 1,000 mg. per cent. The peak level 
rarely occurred on the second or fifth day after implantation. As shown in 
Table I, the incidence of delayed proteinuria was high with all Group A, type 
12 streptococci, whether the strain was nephritogenic, non-nephritogenie, or 
isolated under conditions in which the nephritogenicity could not be estab 
lished. 
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Urine protein concentration in normal unoperated and in control mice which receive 
intraperitoneal implantations of sterile broth in diffusion chambers (Group II1) 


Of the 41 mice in Group IL (receiving implants which contained staph) 
lococei and other types of streptococci) only 9 developed proteinuria. Eight 
of the 9 had high levels of urinary protein only on the first day after implan 
tation of the chambers and at a time when they appeared most toxie. Thr 
of these had reeeived implants of staphylococci, organisms which invariably 
produced an extremely high mortality rate. The one animal which develope: 
a delayed proteinuria (Table I) had a urine protein level which exceeded 90! 
mg. per cent on the fourth day after exposure to a type 3 streptococeus. A 
the time, the animal was not considered to be toxic. Autopsy on this da 
showed microscopic lesions in the kidney similar to those seen in the mi 
exposed to type 12 streptococci, to be deseribed later. Twenty other mi 
exposed to type 3 did not develop a delayed proteinuria. Fig. 3 illustrat: 
representative patterns of urine protein concentration in Group IL mice. | 
most urines, the protein level was less than 300 mg. per cent. With t! 
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Fig. 2 Urine protein concentration in mice which received intraperitoneal implantations of 
Group A, type 12 streptococci in diffusion chambers (Group 1). 


exception of the single mouse which received type 3 streptocoeci, the phe- 
nomenon of a delayed proteinuria was not demonstrated in this group. 

Tests for hematuria were done daily on all urine specimens. Occult blood, 
uit never gross blood, was present in a few specimens of urine of many 
inimals from both Groups Land II, i.c., in both groups in which cells contain- 
ng bacterial cultures were implanted. There was no correlation between 
resence of this mild hematuria and proteinuria or between hematuria and 
vithologie lesions. Since the mice in all groups were prone to pull out the 
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Fig. 3.—Urine protein concentration in mice that had intraperitoneal implantations of 


ision Chambers which contained bacteria other than Group A, type 12 streptococci (Group 











HINKLE 





ee 





Fig. 4.—Photomicrograph of kidney from a mouse killed 4 days after implantation of 
a chamber which contained Group A, type 1” streptococci (Group 1) Necrotic and sloughing 
tubular epithelial cells are present in the tubular lumina seen in the center of the pieture 
This is a portion of the zone of tissue destruction present throughout the kidney at the cortico 
medullary junction (x25; reduced 1%.) 

















Fig. 5.—Glomerulus of a mouse killed 4 days after initial exposure to Group A, type 1 
streptococci. Moderate hypercellularity and thickening of the basement membranes are present 
(<625; reduced \.) 
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stitches by chewing or seratehing, the possibility exists that the few red blood 
cells present on stitches could have contaminated the urine during collection. 
Ifa true hematuria was present it was mild and not related to the proteinuria 
which followed exposure to Group A, type 12 streptocoee. 


TABLE |.) FREQUENCY oF RENAL LESIONS AND DELAYED 
CONTROL Mict 


PROTEINURIA IN) EXPERIMENTAL AND 


MICH 
TESTED 
one MICE WITH rOoTAI MICE WITH 
PROTI DELAYED MICH MICE WITH MICH RENAL 
EXPERIMENTAL INURILA PROTEINURIA | xippep | RENAL LESIONS | optprep DISEASI 
GROUP NO. NO. of NO. NO, Cf NO. NO, Cf 
(rroup | A. 
12 strep 
tocroceus 
Nephritogenie 12 10 S83 5) 13 87 | 17 81 
Non-nephrito 
venic Is 12 67 12 12 100 20 16 SO) 
Unknown 28 26 3 7 7 100 28 | 96 
Total A, 12 oS 1S 83 34 32 4 69 60 ST 
(rroup I] other 
bacteria 11 l 2 14 3 14 +1 21 5 
‘rroup | | | 
eontrols 
Sterile media 7 0) 0 11 0 0 16 0 0 
Nonoperated 16 i) 0 S 0 0 o4 0 0 
Total eontrols eg i ) 19 ) 0 1) () 0 
*Manifested by delayed proteinuria, renal lesions, or both. 
‘Both mice with disease in this group received Group A, type 3 streptococci. Nineteen 


ther mice which received this organism showed no evidence of disease 


Renal Lesions.-Microscopic evidence of renal disease was present in 32 


94 per cent) of the 34 autopsied Group L animals. (Table I.) Hematoxylin 
nd eosin stained sections of kidney from mice killed on the fourth day after 
plantation showed degeneration and sloughing of the tubular epithelium 
t the corticomedullary junction (Fig. 4). The acute necrosis involved all 
ubules at the juxta medullary portion of the cortex. Some of the glomeruli 
ppeared edematous and hypercellular with thickened basement membranes 
ut were much less severely involved than were the tubules (Fig. 5). The 
iterstitial tissue did not appear altered. Grossly, there was no evidence of a 
ephrotic syndrome in that edema and ascites were not present. 

Autopsies on Group I animals performed 9 days after chamber implan- 
tion showed the tubules at the corticomedullary junction to be dilated and 
ied with flattened epithelial cells (Fig. 6 


ibules contained a pink colloid material. 


Some of the lower collecting 
Microscopie evidence of disease 
as found with equal frequency in all Group | mice regardless of whether 


organisms were nephritogenie or non-nephritogenic (‘Table 1). 
Of the 14 mice in Group IL killed 4 days after implantation of the cham- 
rs 12 showed no renal lesions (Table T, Fig. 7). In two, there were tubular 


sions similar to those seen in Group I animals. All 14 of these animals had 
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been exposed to type 3 streptococci. One of the two animals with renal lesions 
) 


was the single animal of 21 exposed to type 3 which developed delayed prote- 


inuria (see under Proteinuria and Hematuria). 
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Fig. 6 Mouse kidney 9 days after initial exposure of the animal to Ciroup A, type 12 
streptococci. The tubules at the corticomedullary junction are markedly dilated and lined wit 
flattened epithelial cells. A few tubules in the medulla contain inspissated protein C25 
reduced 4.) 





Of 19 animals examined in Group II], 11 of which had implants of cham 
bers containing sterile eulture media, none had renal lesions which resembled 
in any way those seen in Group I animals. Infiltrations of round cells were 
occasionally seen in the interstitial tissue, probably a mild nephritis of a typ: 
indigenous to this species. Similar lesions when seen in animals that were 
receiving implants which contained organisms were considered not to b 


significant. 





Labeled Antibody Studies. 


days after chamber implantation, were reacted with fluorescein-labeled rabbit 


Kidneys from Group L mice, killed 4 and 9 


antimouse gamma globulin. The fluorescence of the tissue was compared wit! 
that of controls consisting of kidneys of Group II mice which had _ reeeived 
staphylococci and Group IIL mice which were either normal or had implants 
that contained sterile media. 

In all kidneys studied, the glomeruli and interstitium about the tubule: 
showed slight to moderate fluorescence. There was no localization of fluores 
cence at the site of the lesions of tubular neerosis. Seetions washed in 
per cent polyvinylpyrrolidone prior to acetone-alcohol fixation had no fluores 
cence of interstitial tissue but retained some of the glomerular fluorescence: 
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the glomeruli could be easily seen against a dark background. All fluorescence 
could be blocked by overlaying the section with nonlabeled antigamma globu- 
lin prior to appheation of labeled antibody. Fluorescence could not be seen 
in sections reaeted with labeled antimouse albumin serum. 

The similarity of the distribution and intensity of the fluorescence in all 
three groups of animals suggests that gamma globulin is not direetly involved 
in the pathogenesis of the lesions. 
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Section illustrating kidney tubules from a mouse exposed to Group A, type 3. strep- 
tococci. No abnormalities can be seen. (x25; reduced 4.) 
DISCUSSION 

The result of this study confirms Kelly and Winn’s observation that 
products of Group A, type 12 streptoeoeci produce renal lesions in mice but 
do not corroborate their finding that the lesions oceur only with nephritogenic 
strains of type 12. With the same non-nephritogenie strain as used in their 
study, renal lesions and proteinuria were as prominent as with known ne- 
phritogenie strains or with strains of unknown nephritogenicity isolated from 

patients with rheumatie fever. 
The renal fesion, as evolved in this study, is fully developed approximately 
t days after initial contact with the streptococci (2 days after their removal). 
\t this time the proteinuria is at its peak. At 7 days proteinuria has become 
nsignificant and at 9 days the renal lesion is healing with regeneration of 
ibular epithelium. The proteinuria would appear to be the result of the 
pecifie renal lesions produced by the type 12 organisms and not a nonspecific 
xie effeet of the bacteria. Evidence in this direction is the fact that the 
roteinuria did not occur at the time animals appeared most affeeted by 








O74 HINKLE ET AL. J. Lab. & Clin. Med 


contact with the organisms. On days 1 and 2, while the chambers were in 
place, the mice appeared ill, whereas the peak proteinuria usually oeeurred 
on days 3S and 4. Animals not included in this report which developed peri 
tonitis were by far more toxie than the Group IT mice. A few of these mice 
developed an early proteinuria whieh had disappeared by the third to fourth 
day of infection, 

Whether the sequence of events seen in the mice has the same basie 
etiology as the renal lesions of human poststreptococeal acute nephritis cannot 
be determined at this time. A number of points of difference between the 
disease in mice and nephritis in humans can be enumerated. The disease in 
mice oceurred just as consistently after exposure to a non-nephritogenie strain 
of type 12 streptococei as after exposure to the nephritogenie strains. The 
ability of the non-nephritogenic strain to produce the disease in miee might 
be explained by a mutation of the culture employed, which results in develop 
ment of the nephritogenie property. Evidence for or against this explanation 
is not at hand. Another basic difference is the absence of marked glomerular 
lesions and of gross hematuria in the mice. In humans, gross hematuria is 
frequently observed and probably has its origin in the inflammatory lesions 
in the glomeruli. Although the glomerular lesions in the human disease ar 
an outstanding feature, tubular lesions, similar to those seen in the mouse, are 
also commonly observed in the human. Renal biopsies of patients with acute 
nephritis have indicated that necrosis of tubular epithelium with slough may 
oceur early,” * eventually leaving the tubular lumina dilated and lined with a 
flattened epithelium.® '° Most frequently involved is the proximal convoluted 
tubule. It is possible that the tubular lesions of mouse and man have a com 
mon cause and that the relative insignificanee of the glomerular lesions in the 
mouse is simply the result of a species differenee. 

In the mouse, as in man, there is a definite delay period between exposure 
to organisms and advent of disease. The interval in the mouse is, however, 
much shorter. In the human the delay period is commonly ascribed to thi 
time required for the sequence of immunologie events to occur whieh eventu 
ally culminate in the disease. In the mouse the same events could be happen 
ing but at an increased rate, commensurate with the higher metabolic rate ot 
the species. Antibody in the mouse has a more rapid turnover than in man 
In fact, the differences in half-life of gamma globulin in mouse and man o! 
2 and 13 days, respectively,'' correspond closely to the difference in the inte! 
val between infection and the appearanee of the renal lesion in the two species 
The negative result of the labeled antibody studies, on the other hand, rules 
out a simple reaction of renal tissue with a gamma globulin type antibod) 
as the cause of the disease in mice. 

The possibility also exists that the lesions are the result of a baeteria 
toxin, the action of which is delayed and the maximum effeet of which 1 
produced about 4+ days after initial contact, some time after the souree of th: 
material has been removed. From the present study, the substances woul: 
appear to be peculiar to Group A, type 12 streptococci since the lesions wer 
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not produced by other strains tested. Among the toxins produced by strep- 


tocoeci which could be responsible for the lesions observed are streptolysin-O 
leukociden), streptolysin-S, and a leukotoxie property recently deseribed by 
Wilson.’* The distribution of the streptolysins among the streptocoeci, how- 
ever, does not favor a definite serologic type. The leukotoxie property, on 
the other hand, was present in all type 12 organisms which were tested in- 
eluding both nephritogenic and non-nephritogenic strains. Although it was 
speculated that leukotoxicity might be related to nephritis, such a causal 
relationship was weakened by the facet that leukotoxicity was found also in 
(iroups C and G streptococci which have never been implicated in nephritis 
in humans and that two Group <A, 
not leukotoxie. Later, Bernheimer 


type 4+ nephritogeni¢ strains tested were 

demonstrated the association of leuko- 
toxicity with an enzyme, diphosphopyridine nucleotidase. This enzyme was 
present in cultures of 39 of 41 nephritogenie strains but was also found in 
») per cent of a random sample of Group A streptococci. Nevertheless the 
high ineidence of diphosphopyridine nucleotidase produetion by type 12 organ- 
isms invites suspicion that this enzyme may have been a factor in production 
of the renal lesions of the Group I mice. This possibility has vet to be tested. 


SUMMARY 


Using a modification of the Kelly-Winn technique for implantation of 
cultures intraperitoneally in mice, renal disease has been produced in animals 
which received cultures of B-hemolytie streptococcus Group A, type 12, both 
nephritogenie and non-nephritogenie strains. Disease was manifest by tran- 
sient, often severe, proteinuria which occurred after a period of 3 to 4 days 
when the animals appeared to be recovering from the exposure to toxie bae- 
terial produets. Pathologic changes coincided temporally with the presence 

* proteinuria, and consisted primarily of tubular degeneration and slough at 
the corticomedullary junction. Glomerular changes were not pronounced. 
studies with fluoreseein-labeled antibodies gave no indication that an 


= 


im- 
unologie mechanism was responsible for the lesions. Other bacteria (- 
cmolytic streptocoeci, Group A, types 3, 6, 36, and Group D, staphylococei 

“O-S1, and an untypable virulent strain) did not produee renal lesions or 
roteinuria, Points of similarity and difference between the disease in mice 
nd glomerulonephritis in humans are diseussed. 
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A NATURAL OCCURRING LIPID THAT NEUTRALIZES HEPARIN 
ACTIVITY IN BLOOD 
DONALD S. Amatuzio. M.D... FRANCISCO GRANDE, M.D... Stroomacuit Wapa, Pu.D.. 
aND LYLE J. Hay, M.D. 
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1 comple acidic phospholipid was isolated from fresh liver of Various 
aquimals and the fresh blood of man and doads. This lipid neutralizes the 
anticoagulant «effect of he parin eo iro and ino in vitro” tests. From the 
in vivo studies on SS doas, it was found that the lipid corrected the anti 
coagulant ettect of he parin within lO to JS minutes after intravenous admin 
istration. The mintmum amount of lipid necded to neutralize the in vivo 


heparin effect was approximately 2 mg. of lipid foi cach milligram of heparin, 


The in itro studics required 30 to JO times the amount of lipid lo neutralize 


the he pa in as measured by whole blood clot formation time. 
No toric manifestations or deaths occurred in the S85 dogs that reecived 
“ to OU mad. of the lipid intrave nously and in O white mice that were given 


to 10 mao. of the lipid intraperitoncally, 


INCE the discovery of heparin in the liver by MeLean,' no substance naturally 
occurring in the body has been deseribed that will neutralize the anti- 
coagulant effeet of heparin. In the present study a powerful heparin neutraliz- 
ng compound was isolated from the fresh blood of man and animal and the 
esh liver of animals. This compound has the properties of a complex acidic 
hospholipid and it was found to neutralize the effeet of heparin on blood 


otting both in in vivo and in in vitro tests. 


METHOD AND MATERIAL 


The active complex acidie phospholipid was isolated from fresh frozen liver of dog, 
iv, sheep, and cow and also from the fresh blood of man and dog. 

To each kilogram of whole blood or of freshly ground liver was added 400 mi. of 
tilled water and the mixture was kept at 37° C. for 1 hour in a steam kettle. A solution 
200 ml. of saturated ammonium sulfate and 1,750 ml. of O.ON > sodium hydroxide per 
ogram of liver or blood was added to the mixture and. stirred. The mixture was 
ted to 65° C, with constant stirring to precipitate the protein, and the filtrate was 
lified with 6N hydrochloric acid. The precipitate that formed was allowed to settle 

most of the supernatant was decanted and discarded. The remaining fluid was removed 
in the precipitate by centrifugation. The precipitate was suspended in 95 per cent 
| aleohol; this was agitated in a mechanieal shaker for 6 hours. After the removal 

he aleoholie extract, the procedure was repeated with aleohol extraction and agitation. 
er distilling off alcohol under reduced) pressure, the remaining aqueous brown residue 
repeatedly extracted with petroleum ether until the ether phase became clear. The 
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petroleum ether extract was then distilled at 5 mm. H[gé pressure at 20° C. The 


lipid was extracted with acetone, and the acetone insoluble lipid was collected and extracte 


With absolute methanol, leaving a 
active component, was kept at 0° ©, 


Silicie 


if 


acid chromatography, as desertbed by Hlirsh and Ahrens, 
an attempt to separate the heparin neutralizing lipid from the crude petroleum lipid 
The active heparin neutralizing lipid remained on the column 


as a phospholipid and it wa 
eluted from the silicie acid by 


methyl aleohol. 

\ 2 syringe method with an indwelling venous needle was used to obtain blood 
determining the whole blood clot) formation, After the 
milliliters of blood and the svringe were discarded 
syringe was used for whole blood clot formation. Whole blood clot 


by tilting 1 ml. of whole blood in an acid-cleaned 15 


vy 100 mm. glass tube until it wa 
apparently clotted, then a stick was inserted into the tube, The 


recorded When al firm clot formed, 
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Fig. 1.—The normal whole blood clot time response to intravenous heparin, and the whole blo 


clot time response with intravenous lipid that is given 10 minutes after heparin 


RESULTS 
The isolated acetone insoluble methanol insoluble lipid was brown in colo) 
solid at room temperature, and possessed an amine-like odor. The lipid wi 
acid in reaction and it could be precipitated from an aqueous solution either 
a reineckate® or a barium salt. The lipid was found to contain nitrogen,* pho 
phorus,® choline,® fatty acids, serine, and glycerol,’ and an unidentified acetor 
insoluble reineckate salt. The lipid was soluble in ethyl aleohol, n-butyl aleol« 


extract 


residual 


‘] 
brown lipid. The methanol-acetone insoluble lipid, the 


was also used in 


initial venipuncture, the first) few 
and the blood obtained from the second 


formation was determined 


Clot formation time Wits 
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diethyl ether, petroleum ether, chloroform, alkaline saline, and sodium carbonate 
solutions. No carbohydrate’ was detected in the analysis of the lipid. The 
lipid Is apparently a complex acidie phopholipid. 

The lipid neutralizing activity against heparin was studied in vitro and in 
vivo. Our standard working solution was prepared by dissolving the lipid in a 
slightly alkaline physiologie saline solution, pIL 7.8; it contained 1 me. of lipid 
per milliliter of saline. The heparin neutralizing aetivity of the saline solution 
deteriorates on autoelaving for 20 minutes, heating on a water bath at 1000 ©. 
for 30 minutes, and on standing at room temperature for 14 to 20 days. The 
lipid also loses activity on drying over anhydrous caleium ehloride tn vacua or 
under an atmosphere of nitrogen. 

The lipid had no effeet on the clotting of normal blood either after intra 
venous administration or in in vitro tests. The neutralization of the lipid against 
heparin was studied in vivo and in vitro on S85 does. Whole blood clot forma- 
tion times were determined prior to and after intravenous administration of 
heparin. The whole blood clot formation time usually was prolonged to more 
than 24 hours for 90 minutes, after the injection of 1.0 me. of heparin per 
kilogram; similarly, the whole blood clot formation time usually ranged from 
10 to 12 hours for 90 minutes after giving 0.5 me. of heparin per kilogram. 
The heparin neutralizing activity of the lipid in in vivo studies was determined 
by giving intravenously 2 to 5 me. of the lipid per kilogram 10 minutes after 
the heparin. Within 10 to 20 minutes after the lipid administration, the whole 
blood clot formation time beeame normal with a range of 12 to 15 minutes. 


ie. 1 is an illustration of one of the 85 in vivo studies. 


Tasnte I. Errect or Lirtp ox WHoL_Le Bioop CLor FORMATION TIME OF NORMAL AND 
HEPARINIZED BLoop 


CONTROL AMOUNT OF AMOUNT OF LIPID ADDED (MG./ML. OF BLOOD 
XPERI CLOTTING HEPARIN 0.0 0.05) 0.15 0.25 0.35 0.45 0.55 0.65 0.75 
MENT rIME MWG./ML. | TIMI riMt riMI riMt TIMI TIMI TIMI TIMI TIMI 
NO. MIN. OF BLOOD MIN, MIN. MIN. MIN. MIN. )|\( MIN. )|\(MIN. (MIN. (MIN. 
l 10.5 0 10.5 8.5 8.5 SS 8.5 8.5 8.5 a5 8.5 
° R.5 0.005 > 300 P4.0 °4 0 20.0 18.0 18.0 18.0 18.0 18.0 
3 15.0 0.006 > 400 45.0 35.0 28.0 25.0 18.0 18.0 18.0 16.0 
} 15.0 0.0075 > HH0 L270 23.0 °6.0 °0.0 18.0 18.0 18.0 18.0 


In vitro studies of heparinized blood gave similar results after the addition 
the lipid. To a series of tubes that contained either 0.0075, 0.006, or 0.005 
x. of heparin per milliliter of blood there was added 0.05, 0.15, or 0.75 mg. 
the lipid. The whole blood clot formation times were from 8 to 15 minutes 
v the normal blood and over 300 to 660 minutes for the heparinized blood. 
e adding of the lipid to the heparinized blood corrected the whole blood elot 
‘mation times to values of 16 to 18 minutes (Table 1). 

No toxicity, deaths, or alterations in blood clotting occurred in the 85 dogs 
at received 10 to 100 mg. of the lipid intravenously within 2 minutes. Toxicity 
idies were also performed on 30 white mice that were given 2 to 10 mg. of the 


id intraperitoneally. No toxie manifestations or deaths occurred and no gross 








PSO AMATUZIO ET AL. J. Lab. & Clin. Me 


pathologie changes were noted when the mice were killed. Three does received 
intravenously 5 mg. of the lipid per kilogram onee a week for 6 months and no 


toxle reactions were noted. 


CONCLUSION 


A natural occurring labile acidie phospholipid exists in tissue that neu 
tralizes the anticoagulant effect of heparin by in vivo and in in vitro tests. The 
lipid was isolated from fresh blood and liver. From the in vivo studies the lipid 
was found to be nontoxie at doses of 2 to 100 me. intravenously in dogs or at 


doses of 1 to 10 me. intraperitoneally in mice, 


We wish to acknowledge the technical help of Miss Ardeth Capsner and Miss Dont 
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STUDIES OF TILE LIPIDS OF TILE ERYTITROCY TE 
I. QuantirativE ANALYSIS OF THE Lipips OF NORMAL IlUuMAN RED BLoop CELLS 


CLatpE BF. Reep, M.D., Scorr N. Swisner, M.D., Guipo V. Marinxerri, Pu.D., 
AND Eva G. Epen, Pu.D. 
ROCHESTER, N.Y. 
fnalysis of the content of total lipid, cholesterol, lipid phosphorous, and 
specific phospholipids in the erythrocytes from twenty normal human adults are 


reported, The Separation and quantitative measurement of the individual 


phospholipids were carricd out by chromatography on papei impregnated with 


silicic acid, The technique s used are described in de tail, 


The results of the present study are compared with the cxristing data on the 


lipid content of normal human erythrocytes. 


HAT the lipids constitute an integral part of mammalian erythroeytes has 

been known for many vears.' There has been much speculation about the 
role of these compounds in determining a number of properties of the normal 
red blood cell, ie., its shape, the ultrastructure of its surface, its permeability, 
electrical charge and optical characteristics, and the mechanism of the main- 
tenanee of lonie gradients across its surface. The quantitative data on which 
these speculations rest, however, are incomplete, and are characterized by vari- 
ability of a degree great enough to raise serious questions about the specificity 
of the methods employed, particularly in studies of the phospholipids.’ 

Marinetti and associates’ have recently introduced silicic acid paper and 
column chromatographic techniques for the separation of phospholipids. Be- 
‘ause of the greater specificity and reliability of these methods, it seemed worth 
While to adapt them to quantitative measurement of the lipids of normal human 


“| blood cells. This paper presents the results of lipid analyses of normal 
wuman erythrocytes in which adaptations of these chromatographic techniques 
vere emploved; these studies are an extension of the results previously pub- 
ished from this laboratory in abstraet form.* 


MATERIALS AND METHODS 
Preparation of Blood Samples.—Twenty hematologically normal individuals were used 
3 subjects, including at least one man and one woman in each deeade from the seeond to 
e seventh. 


Twenty milliliters of blood was collected by venipuncture, mixed with 20 mg. of di- 
lium EDTA,* and analyzed immediately. The plasma and buffy coat were removed after 


utrifugation at 2,000 g. The red cells were washed three times by suspension in five 
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volumes of 0.15N sodium chloride (saline), Remnants of the buffy coat were removed after 
each washing. The final hematocrit of the washed erythrocytes was adjusted to 40 to 60 
per cent with saline. 

The number of red cells per milliliter of the washed suspension was determined 
he method of Dacie® using a 50 ¢. mm, aliquot of the cell suspension diluted to 25 ml. At 
least 2,000 cells were counted. White blood cell counts ranged from 0 to 100 cells per e. mn 
of the red cell suspension. 

Extraction of Red Cell Lipids. All solvents used were redistilled.+ An aliquot of the 
washed cells, 2.0 to 4.0 ml in size, was transferred to a 40 ml. centrifuge tube. The eells 
were first treated with five volumes of methanol for 5 minutes; five volumes of chloroforn 
was added and the mixture was stirred with a glass rod for an additional 5 minutes, centri 
fuged at 2,000 ¢ for 10 minutes, and the supernatant fluid was decanted. The entire ey 
traction cyele was repeated three times. After the first extraction the cellular residue fornied 
an extremely fine suspension. The pooled methanol-chloroform supernatants were evaporated 
to complete dryness in vacuo under nitrogen, The dry residue was re-extracted three times 
for 5 minute periods with five volumes of chloroform, This ehloroform extraet was ther 


glass filter of medium porosity and evaporated to dryness and 


filtered through a fritted 
constant weight, again under partial vacuum and nitrogen; the lipids were then weighs 
The entire procedure was carried out at temperatures between 30° and 37° C. The lipids 
thus obtained were colorless or faintly vellow. Reddish-brown hemoglobin derivatives, whi 
are always present in the initial methanol-chloroform extract, can be exeluded from the fin: 
extract by employing freshly redistilled dry chloroform, and by avoiding temperatures 
greater than 37° C, during the entire extraction procedure. 

The initial methanol-chloroform extract of the washed red cells is a heterogeneous mix 
ture of denatured proteins, hemoglobin derivatives, water soluble substances, and lipids 
This initial extract requires careful rectification by re-extraction with a dry solvent 


which has the approximate polarity of chloroform to obtain all the lipids present free 


of contaminants. In our hands the extraction procedure described by Folch and co 
workers!® vielded a final extract which was not free of hemoglobin derivatives, as e\ 
denced by the dark reddish color of the final product when evaporated to dryness 
Furthermore, the Folch technique, in our hands, led to recoveries of total lipid and lipi: 
phosphorus which were considerably more variable than the recoveries obtained with the 
extraction procedure deseribed here. 

Complete re extraction of the cellular residue and of the methanol-chloroform residu: 
failed to vield any additional lipid. The use of higher temperatures, refluxing with add 
tional solvent and prolongation of the extraction time, also failed to yield more lipi 

Phosphorus Determination.—Samples used for phosphorus determinations were trans 


7 


ferred to Kjeldahl flasks, and digested for 20 minutes on an electric Kjeldahl rack w 
0.3 ml. of a solution consisting of nine parts perchloric acid (60 per cent) and one par 
nitrie acid. The phosphorus determination was then carried out according to the method ¢ 
Berenblum and Chain.!1 Jartlett!2? has recently deseribed a digestion procedure and metho 
for phosphorus determination which appears, in our hands, to be preferable to the one us 


in this study. 


Separation and Quantitative Analysis of the Individual Phospholipids.—The weigl« 
lipids were dissolved in sufficient redistilled benzene to produce a concentration of 5 to 1 
mg. of lipid per milliliter of solvent and were analyzed immediately. Four aliquots (usual! 
25 wl each) were measured for the total phosphorus content of the extract, and four simils 
aliquots were chromatographed on a 41% by 16 inch piece of Whatman No. 1 filter pap: 
impregnated with silicic acid, using the method described by Marinetti and coauthors? wit 


slight modifications. 
*Di-sodium ethylenediamine tetra acetate, The Matheson Company 
*+Mallineckrodt reagent grade chemicals were used except as noted 
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The sodium silicate solution used to impregnate the papers was prepared as follows: 
(10 Gm. of silicic acid*® was dissolved slowly in 2 L. of 3.7N NaOH. About 500 ml. of this 


stock solution of sodium silicate was filtered through Whatman No. 42 filter paper with a 
partial vacuum, and enough distilled water was added to adjust the specifie gravity of the 
filtered solution between 1.200 and 1.210, This solution was used to impregnate about 16 
papers and was then discarded. We found that a sodium silicate solution of this strength 
vould insure satisfactory chromatograms, and would make complete elution of the lipid 


phosphorus after chromatography possible without having silicic acid appear in the eluate. 


The chromatograms were developed by ascending chromatography in 6 by 18 inch glass 
evlinders for 16 hours at 6° to 8° ©. The solvent system consisted of 2,6 di-methyl hepta- 
none-4,¢ n-butyl ether,} acetic acid, and water, 20:20:20:3( v/v 

The chromatograms were dried and immersed completely in a solution (12 mg, per 
ivr) of rhodamine 6G§ for one minute. The individual phospholipid spots were then lo- 
eated and cireled under ultraviolet light. Identification of the various phospholipids was 
arried out as previously described. The lipid spots were measured, cut into small squares 
about 25 mm.2), placed in 40 ml. of lipped centrifuge tubes, and eluted three times with 


15 ml. of O.ON methanolic HCl in a mechanieal shaker at 64° C. for one half hour, The 
eluates were transferred quantitatively to 100 ml. Kjeldahl flasks, evaporated almost to dry 
ness, and the phosphorus content was determined by the method described. Determinations 
if the phosphorus content of the chromatographie paper (0.01 ag of phosphorus per square 
centimeter or less) and of the reagent used in the elution and transfers (0 to 0.1 yg of 
phosphorus) were carried out with each analysis, and the net amount of phosphorus obtained 
from each phospholipid spot was determined by subtracting the appropriate blank. 
Model mixtures of pure lecithin and sphingomyelin were chromatographed; 96 to 98 
per cent of the lipid phosphorus applied was recovered from the speecifie lipid spots after 
romatography. Between 2 to 8 per cent of the phosphorus applied remained at the origin. 
The range of net phosphorus recovery after chromatography of the more complex red blood 
ell lipid mixtures reported here was 95 to 101 per cent, including the phosphorus at the 
rigin, which was 3 per cent or less of the total applied in every case. Therefore, it can 
be assumed that virtually all of the phosphorus in our red cell lipid extracts was lipid 


phosphorus, 


Separation and Quantitative Analusis of the Nonphospholipids.—The neutral lipids 
elycerides, cholesterol, and cholesterol esters) and free fatty acids were separated from the 
remaining lipids by column chromatography on silicie acid by elution with chloroform.1% 
rhe neutral lipids and free fatty acids so obtained were then separated by column chro 
atography on silicic acid and elution with n-hexane, benzene and diethyl ether as described 
v Barron and Hanahan.14 In order to identify further the lipid components in the frae- 
tions obtained by this latter chromatographie method, the eluates were analysed qualitatively 
y paper chromatography on paper impregnated with silicie acid using a solvent system 
onsisting of n-heptane and 2,6 dimethyl heptanone-4, 96:6 (v/v) as deseribed by Marinetti 
nd co-workers.! The total cholesterol content of the eluted fractions, and of the total 


ed cell lipid extract was determined in duplicate using the method of Bloor.15 
RESULTS 
Fig. 1 shows an actual chromatogram of erythrocyte phospholipids as they 
ppear, after staining with rhodamine 6G, under ultraviolet light. 
The results of analyses of normal human red cells are presented in Tables 


Il, and ITT. 


*Mallinckrodt, analytical reagent, 100 mesh 

tEastman Organic Chemicals P 4036 

Eastman Organic Chemicals 173. 

$National Aniline Division, Allied Chemical and Dye Company. 
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TABLE |. DISTRIBUTION OF ERYTHROCYTE LIPIDS 
) BY WEIGHT 
CHOLESTERO! 
ESTERS, 
GLYCERIDES, 
PHOSPHOLIPID? CHOLESTEROL FREE FATTY ACIDS OTHER Y 
Mean 65 23 3S 10 
Range 62-69 22-24 0-35 8-12 
*Analysis of red blood cells from 20 hematologically normal adults 
7A mixture of erythrocyte phospholipids containing lecithin, sphingomyelin, phosphatidy! 
serine, and phosphatidyl ethanolamine (free from neutral lipids, free fatty acids, and reducing 
sugars) was obtained by 


silicic acid column chromatography.’ 
mixtures ranged from 3.60 to 3.65 per 
calculating the approximate 
lipid extracts 


The phosphorus content of such 
cent by weight \ factor of 27.5 was used, therefore, in 
weight of phospholipid from the lipid phosphorus in the erythrocyte 


tBased on the findings of Klenk and Lauenstein® this is believed to be 


primarily glyce 
lipid 
TABLE Il. Lipip ANALYSIS OF HUMAN ERYTHROCYTES 
PER ML. OF PACKED CELLS 
PER CELI roTAL 
LIPID PHOS rorTAL rOTAI LIPID PHOS CHOLES 
rOTAL LIPID PHORUS CHOLESTEROL LIPID PHORUS PERO! 
(GM, x 10-1 uG x 10-9 (GM, x 10-1 MG. MG MG. 
Mean $.95 11.5 1.13 6.04 137 1.37 
One 8.D. 0.14 0.45 0.03 0.3 6.5 1.0 
Range $.76-5.20 10.7-12.4 1.08-1.16 5.06-6.41 128-149 1.30-1.44 
*Analysis of red cells from 20 hematologically normal adults 
TABLE IIT, QUANTITATIVE ANALYSIS. OF INDIVIDUAL PHOSPHOLIPIDS OF TTUMAN 
ERYTHROCYTES 
‘~ OF TOTAL LIPID PHOSPHORUST 
PHOSPHA POLYGLY« 
PHOSPHA ripy! ERO! 
LYSO PHOSPHA SPHINGO rIpY! ETHANOL PHOSPHA 
LECITHIN TIDE MYELIN LECITHIN SERINE AMINI riDk 
Mean 2.5 } 22 30 14.9 24.6 2 
One 8.D. 1.9 1.5 3 1.3 
Range 1-3 3-5 18-24 27-32 12-17 22-26 1-3 


*Analysis of red cells from 20 hematologically normal adults 

*Calculated on basis of lipid phosphorus recovered 
ponents on chromatograms Net recoveries 
applied to the papers 


from elution of phospholipid con 
ranged from 95 to 101 per cent of phosphorus 


DISCUSSION 

Erickson and collaborators'® reported a mean value of 3.99 x 10° Gm, ot 
total lipid per red cell with a range of 3.49 to 4.55 x 10°’ Gm. per cell in 14 
normal ehildren, which is the only other available report of measurements o! 
erythrocyte lipids on a per cell basis. 
than our mean value of 4.95 x 10°'* Gm. per cell, and one standard deviation 
of 0.13 x 10°° Gm. The diserepaney between Erickson’s values and those ol 
the present report is probably due to differences in red blood cell counting and 
extraction of the lipids; it is not due to the greater age of the present subjects, 
since a mean value of 4.94 x 10° 
4.84 to 5.15 x 107 


These values are lower and more variabl 


(im. of total lipid per cell, with a range of 
Gm. per cell has been found in six normal children aged 
6 to 12 vears in this laboratory, values identieal with those obtained for the 
adult population. 
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In a scholarly study, Brun" reported that the total cholesterol content of 
erythrocytes from 58 normal human subjects was 139 mg. per 100 ml. 
of packed red cells, with one standard deviation of 5.2 mg. He also found that 
the cholesterol was completely unesterified. The value for total cholesterol con- 
tent reported here, 1.37 mg. per milliliter of packed cells, is in good agreement 
with Brun’s, and similarly, measurable amounts of cholesterol esters in red cell 
lipid have not been found with either the column or paper chromatographie 
methods described. Brun also pointed out that repeated saline washings of 
the red cells before extraction caused no loss of cholesterol. This problem has 
heen investigated in the present study. Repeated washings (up to six times) 
caused no loss of lipid, as determined both by multiple analyses of aliquots of 
the washed cells and by extraction of the cell washings. Finally, Brun found 
no difference in the cholesterol content of red cells of men, women, and elderly 
normal persons. No differences were found in any of the lipid parameters 
studied in relation to age or sex in our study. In a reeent study of the fatty 
acid composition of human red cell lipids, Munn'* reported a mean total choles- 
terol value of 137 mg. per 100 ml. of packed red cells, all of which was unesteri- 
fied. In view of the agreement between these reports (Brun’s, Munn’s, and our 
own) the total cholesterol content of normal human erythroeyte lipid seems well 
established. 

With the teehniques used we have been unable to identify any measurable 
amount of neutral lipid or free fatty acids from erythroeyte lipid extracts ex- 
cept unesterified cholesterol. On the other hand, unesterified cholesterol aec- 
counts for over 90 per cent of the neutral lipid separated from the total lipid 
extract by silicic acid column chromatography and chloroform elution. These 
observations suggest, therefore, that glycerides, free fatty acids, and cholesterol 
esters taken together do not constitute more than 3 per cent of the total erythro- 
evte lipid. 

A number of workers in the past'® "5 have suggested that red cells con- 
tained lecithin, sphingomyelin, and “eephalins.” Ponder* and Behrendt® have 
pointed out that the number of subjeets studied, the variability encountered, 
and technieal objections to certain aspects of the methods used by these workers 
have left the question of the exact quantities of these substances found in the 
normal eryvthroeyte somewhat in doubt. More reeently, three groups of 
workers???" in addition to those in this laboratory have contributed the results 
of their analyses of lipid phosphorus and its distribution in normal human 
rvthrocytes. 

A mean value for total lipid phosphorus, expressed on a per volume basis 
for the purposes of comparison, equivalent to 4.36 mM. per liter of packed 
rythroevtes was found in the present study. Axelrod and eco-workers** re- 
orted a mean value of 4.1 mM. of lipid phosphorus per liter of packed red 
‘ells in three normal subjects. Phillips and Roome,** reporting on their analy- 
ses of erythroeytes from six normal subjects, found a mean value of 4.66 mM. 
‘t lipid phosphorus per liter of packed red cells. Turner and associates,”° using 


prolonged methanol-chloroform extraction without a purification procedure, 
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reported finding between 2 to 3 mg. of lipid phosphorus per 100 ml. of washed 
red cells (approximately 6.8 to 10 mM. of phosphorus per liter of packed red 
cells). This high value probably results from their failure to remove nonlipid 


phosphorus present in the methanol-chloroform extract. 
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Fig. 1 Chromatogram of erythrocyte phospholipids \ total of 7.8 wg of lipid phospher 
Was applied See text for details of chromatography and staining with rhodamine 6; Cols 
under ultraviolet light after staining with rhodamine 6G Yellow A j. and 6 Purple 


2, 5, and Positive ninhydrin test” > and 6 Positive choline test” i, 3, and 4 

On the basis of the reasonably good agreement between the findings o 
Axelrod and co-workers, Phillips and Roome, and our own, a value ranging 
from 4.1 to 4.7 mM. of lipid phosphorus per liter of packed red cells, or it 
equivalent determined on a per cell basis, seems acceptable. 

Axelrod and associates** also determined the phosphatidyl! serine and phos 
phatidyl ethanolamine content of the erythrocyte lipids from three normal sub 


jects by measuring the serine and ethanolamine released from the total lipid 
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by alkaline hydrolysis, as the colored derivatives formed with dinitrofluoroben- 
zene. They established in detail the speeifieity and reproducibility of this tech- 
nique. They found that phosphatidyl] serine constituted 15 per cent and phos- 
phatidy] ethanolamine 23 per cent of the erythroeyte lipid phosphorus. Mean 
values of 15 and 25 per cent, respectively, obtained in the present study, are in 
vood agreement, although the principle of our method for measuring these two 
compounds is quite different. 

Turner and collaborators” and Phillips and Roome®* obtained partial sep- 
aration of human eryvthroevte phospholipids by silieie acid column chromatog- 
raphy. Both groups of investigators found that the fraction containing the 
amino phosphatides and inositol phosphatide contained 43 per cent of the lipid 
phosphorus recovered. This is in good agreement with the sum of the phos- 
phorus found in phosphatidyl serine, phosphatidyl ethanolamine, and inositol 
phosphatide (15 per cent, 25 per cent, and 4 per cent respectively) in’ the 
present results. Both Turner and co-workers and Phillips and Roome found 
that sphingomyelin and lecithin taken together constituted about 55 per cent 
of the lipid phosphorus recovered, Phillips and Roome estimated that leeithin 
constitutes about 33 per cent and sphingomyelin about 23 per cent of the total 
lipid phosphorus, which is in good agreement with our mean values of 50° per 
eent and 22 per cent, respectively. Turner and associates pointed out that the 
separation of these two compounds is not complete with the column chromato- 
eraphic technique, but arrived at a similar estimate. 

As noted in Table Tl, Lysolecithin constitutes about 2 per cent of the total 
lipid phosphorus. In addition, a compound which has the chromatographic be- 
havior of a polvelycerolphosphatide!’ was found by means of the present 
methods, 

Separation and quantitative analysis of ervthroevte phospholipids hy silicie 
acid column chromatography may he less tedious than the paper chromato- 
vraphie method deseribed here. On the other hand, it has been impossible to 
obtain complete separation of sphingomyelin and lecithin and impossible to 
obtain any useful separation of phosphatidyl ethanolamine and phosphatidy! 
serine with the column technique in these studies. The method of Axelrod and 
co-workers seems to be a useful one if actual recovery of the compounds is not 
equired, The present method has the advantage of separating the intact phos- 
vhatides direetly. Furthermore, the chromatograms give valuable qualitative 
nformation, since the mobilities of the lipids and the spot tests identify the 
articular phosphatides even before the quantitative analysis is carried out. 

Harris and coauthors?’ have reported erythrocyte lipid values which thev 
btained in a study of normal subjects and patients with paroxysmal nocturnal 
emoglobinuria. These workers stated that they found the following values, 

er milliliter of packed red cells, in normal subjeets: 0.0125 me. of total 
pid,* 1.76 me. of cholesterol (considerably more than was found by Brun, 
funn, and ourselves), and 80.5 pe of lipid phosphorus (equivalent to about 
6 mM. of lipid phosphorus per liter of packed red cells, which is considerably 


*This value may represent a typographical error in the original paper. 
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lower than the values found by Axelrod and co-workers, Phillips and Roome, 
and ourselves). Harris and associates further reported that, in normal erythro 
evtes, they found a ratio of choline phosphatide phosphorus to phosphatidy! 
7 


ethanolamine phosphorus ranging from 1.9 to 3.7:1 and a ratio of choline phos 


phatide phosphorus to phosphatidyl serine phosphorus ranging from 2.0 to 
8.5:1. Caleulation of similar ratios from our data show ranges of only 1.9 to 
2.3:1 and 3.0 to 4.0:1. Because of the paucity of technical details given by 
these authors, it is difficult to interpret the discrepancies between their results 
and those of the other workers mentioned, ineluding ourselves. 

Comparisons of the lipid content of normal red cells, whieh are of uniform 
size and shape from one subject to the next, ean be conveniently made on the 
basis of lipid weight per unit volume. Such comparisons frequently become 
niisleading when normal and abnormal erythroevtes which differ markedly in 
size and shape at times from the normal are compared. Such differences in cell 
size and shape will, of course, influence the number of cells present in a unit 
volume, so that an increase in lipid per unit volume may actually represent 
deerease in the lipid per cell, and vice versa. Sinee the ervthroevte lipid is not 
necessarily all present at the surface of the cell,’ referral of cell lipid content 
to an average ealeulated surface area seems somewhat arbitrary and possibly 
misleading. The most generally applicable parameter would appear to be meas 
urement of the lipid content per cell, as emphasized by Erickson and asso 
ciates.'® Tlowever, in dealing with heterogeneous cell populations, sueh as ar 
frequently found in abnormal states, no technique of estimation based upon an 


average characteristic of the cell population is completely satisfactory. 


SUMMARY 


Analysis of the content of total lipid, cholesterol, lipid phosphorus, and 
specific phospholipids in the erythroeytes of twenty normal human adults ar 
reported. The analysis of the phospholipids was earried out by paper chroma 
tography. Data available from other laboratories on erythroeyte lipids ar 
briefly discussed and summarized. 
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DETECTION OF SPACE OCCUPYING LESIONS OF THE LIVER 
BY DIRECTIONAL COUNTING OF Co®’-LABELED B,. 
YECHEZKIEL STEIN, M.D. 

JERUSALEM, ISRAEL 


, 
In attempt was made to localize 


space Occupying lesions in the f ‘ using 
Co®-labeled B,,. Five tenths to 2 pe of Cote-labelid B,, was administered intra 

] / t f} f / / } ff | trol 
enously to 7 pate nts sulle nad rom i disease and oO ¢ norma contro 
subjects. Surface radioactivity. measurements disclosed a uniform distribution 
ove hoth liver lobes n all control sub jee fs and i] pat cnts th he pat tis and 
cirrhosis. In 6 of S paticnts with liver metastases, lo counting areas ( 


found which at autopsy CO csponded to tumor invaded redaions, The neoplastic 


da corre spondingly lowe? uptake of Cor labelid B and unlabeled 
i than did the adjoinina tis 


tissue shows 


suc of the liver. Tn three paticnts lay 


(Ji Space 
occupying lesions, deteetcod as lou 


counting areas, were shown on hapa otfomu 


to correspond to hyatid cysts and a hemangioma of li 


N A PREVIOUS communieation, 


Vitamin B,, content and Co*-labeled B 
uptake was studied in 


liver and dimethylamino-azobenzene induced lives 
tumors in the rat.' This study showed that 


the dimethyvlamino-azobenzene 
induced liver tumors lose the 


capacity to coneentrate the labeled vitamin and 


that on microbiologic assay the B,, concentration of the hepatic tumor was 


only one fifth that of the adjacent normal liver tissue. It was thought ol 


interest to carry out a similar study on hepatic tumors and other liver lesions 


in man using also the surface seintillation measurement method of Glass and 


eollaborators.” 


MATERIAL AND METHODS 


The studies recorded were made on 17 patients with different kinds of liver 


diseas 
and on 6 normal control subjects. The 


projection of the anterior aspect of both live 


lobes was mapped out on the abdominal wall by palpation and percussion, In the norm: 
control subjects the areas corresponding to each lobe were subdivided into two quadrant 
by lines drawn perpendicular to the upper liver border. In patients with enlarged an 
deformed livers the anterior projection of the liver was subdivided into several countin 
areas (6 by 6 em.) by lines drawn parallel and perpendicular to the upper border, TI 
division into right and left liver lobe was more arbitrary, the downward extension of tl 
right parasternal line being used as the dividing line. External measuremenis of live 
radioactivity were made 7 to 10 days after intravenous injection of Co6°-labeled B 
injection® (0.5 to 2 we), using a directional scintillation detector whose output was f« 
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to a count rate meter. The detector was clamped in a counter balanced holder and placed 


in perpendicular contact with the skin surface overlying the liver. The counting recorded 


vas the average of a 3 minute count over each area minus background 18 to 24 C.p.m. 


\t autopsy liver tissue and metastases in the liver were exeised, weighed, and 


omogenized in water in a Waring Blendor. The Cose-labeled B,. of the tissue homogenates 

vas determined using a well type scintillation counter. The microbiologic assay for B,, 

vas performed using a mutant of Escherichia coli. The results were expressed as either 
crograms or counts per minute per gram of wet liver tissue. 


RESULTS 


The average count over the left liver lobe was usually less than that over 
the right lobe area. Hence low counting areas were related to the corresponding 
lobe in which they were found. As seen in Table [ uniform distribution of 
surface radioactivity over each lobe was found in the normal control subjects 
and in patients with cirrhosis and hepatitis. In these the maximal difference 
between the lowest and highest counting area did not exceed 16 per cent. 

Six of 8 patients with multiple liver metastases, verified at laparotomy 
or autopsy, showed a much larger difference between low and high counting 
areas in the same lobe, ranging trom 30 to 60 per cent. In 4 of these patients 
autopsy was performed and it could be shown that the surface projections 
of the liver agreed fairly well with the position of the organ. Furthermore, 


TABLE T. Survey OF SurFACE RADIOACTIVITY OF LIVER IN PATIENTS INJECTED WITH 
(‘060-LABELED B 


RIGHT LOBE LEFT LOBE 
C.P.M./ (Co60 C.P.M./ pe Cor 
LABELED B,. DIFFERENCE LABELED By, DIFFERENCE 
PATIENT NO DIAGNOSIS RANGI (% (RANGI (% 
] Normal 220-200 10 210-190 10 
2 Normal 210-190 10 195-180 8 
3 Normal 210-185 12 185-170 Ss 
} Normal 29) 200 10 160-135 15 
5 Normal 210-180 15 170-150 12 
6 Normal 230-220 } 215-190 12 
7 Portal 210-190 10 170-160 6 
cirrhosis 
8 Portal 180-160 11 170-155 9 
cirrhosis 
Qg Viral 200-180 10 195-180 8 
hepatitis 
10 Liver 230-135 15 205-180 12 
metastases 
1] Liver 180-125 30 150- 90 1() 
metastases 
12 Liver 215-150 30 150-105 30 
metastases 
13 Liver 160- 65 59 100- 45 55 
metastases 
14 Liver 130- 60 54 120- 65 45 
metastases 
13 Liver 205-175 15 170-100 41 
metastases 
16 Liver 170- 75 56 100- 70 30 
metastases 
17 Liver 175-160 9 170-150 12 


metastases 
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in 2 (Patients 11 and 16) the low counting areas were seen to overlie tumor 
infiltrated regions in the liver. In 2 (Patients 10 and 18) in whom no distinet 
low counting areas were detected over the liver in vivo, the tumor infiltrated 
areas were few and measured less than 5 em. in diameter. 

The estimation of the Co*-labeled B,. content of both liver and tumor 
tissue, derived from these 7 CaSeS, showed a low Co'’-labeled B, concentration 
of the tumor as compared with surrounding liver tissue (Table Il). A> cor 
respondingly lower content of unlabeled vitamin B,. was found in the tumor 
than in the liver tissue. 


TABLE II. ViraMiIn B,, CONTENT AND Co60-LABELED B,, UPTAKE IN NORMAL LIVER AND 
METASTATIC LIVER CARCINOMA 


UPTAKE OF Cote INTERVAL BETWEEN 


CONTENT OF B,, LABELED B,; CO80-LABELED B,, IN 

PATIENT (uG/GM. ) (C.P.M./GM. ) JECTION AND AUTOPSY) SITE OF PRI- 
NO. LIVER TUMOR LIVER TUMOR (DAYS ) MARY TUMOR 
10 0.90 0.190 770 112 32 Pancreas 
1] 1.45 0.076 943 17 21 Ovary 
16 O.85 0.025 1,050 35 12 Breast 
17 1.40 0.400 565 92 30 Panereas 
18 1.16 0.185 190 0 120 Ovary 
19 0.60 0.085 S00 125 s Breast 
2) 0.84 0.049 S00 114 l4 Stomach 


Because of these findings localization of low counting areas over the liver 
was attempted in 3 patients who presented diagnostic problems. In 2 patients 
single low counting areas were found, representing 27 and 70 per cent, re- 
spectively, of the highest count in the surrounding liver. At laparotomy a 
hydatid evyst was found in the region corresponding to the low counting area. 
In a third patient in whom the entire right liver lobe presented a low counting 


area 


50 per cent) a hemangioma oeeupying this part of the liver was found 
on laparotomy. 


COMMENT 


The previously recorded finding of a difference in Co®*°-labeled B,. uptake 
between normal liver and neoplastie tissue which was obtained in experimental! 
hepatomas! was also observed in the human. This finding presents a possibility 
of diagnosing liver metastases and other space occupying lesions by detecting 
low counting areas over the liver surface. The results indicate that by the 
surface counting method it is possible to discern to some extent foeal lesions 
in the liver parenchyma which have a lower Co*’-labeled B,,. concentration 
than the surrounding tissue. Sueh lesions can be detected if their size reaches 
at least 5 em. in diameter and if enough intact liver parenchyma is left between 
them. Large single foci of low counting are more easily defined. In the two 
patients with hydatid eysts the finding of an area of low radioactivity proved 
to be of value in the preoperative diagnosis. 

It seems that with improvement of this technique, using a pinhole collimato! 


(which was not vet available in the present study), smaller low counting areas 
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in the liver might also be detected. It is also advisable to use Co**-labeled B,. 
which has a shorter half-life, in order that the possible untoward effects of 
radiation may be reduced. The scanning of the liver may be performed as 
soon as 24 to 48 hours after administration of the labeled B,.. since the serum 
radioactivity falls quiekly after intravenous injection. 


SUMMARY 


Using the surface seintillation measurement method, after intravenous 
injection of Co®’-labeled B,., low counting areas over the liver were found in 
patients with liver metastases. At autopsy these low counting areas corresponded 
to tumor infiltrated regions in the liver. The vitamin B,. content and the 
Co*’-labeled B,. uptake in the liver metastases were redueed as compared to 
the surrounding normal liver tissue. 

In three patients, benign space occupying lesions of liver (hydatid evsts 


and hemangioma of liver) were detected with the use of this method. 


Thanks are extended to Prof. \. Hochman for permission to use the facilities of the 
Radio-isotope Laboratory, to Prof. M. Rachmilewitz for his generous advice in preparation 
of the manuscript, and to Mrs. Galewski, Mrs. A. Karshai, and Mrs. M. Yablonska fox 


technical assistance, 
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STUDLES ON TILE MECHANISM OF BICARBONATE 
REABSORPTION IN MAN 
(ZEORGE B. GorpoN, M.D... ALFRED EIcHENHOLZ, M.D... FRANK M. 
MacDonaup, M.D., AND THomas T. SemBa, M.D. 
MINNEAPOLIS, MINN. 


The acute intravenous effects of ace tazolamide on renal bicarbonate ‘ 
absorption in doses ranging from 67 to 120 ma. pei kilogram body eight were 
studicd in 7 men, Renal re absorption of sodium, potass um, Chloride, and ain 
organ phosphorus was also studied. Sodium and chlorids abso ption de 


creased by approximately 8 and 4 per cent, respectively. Reabsorption of bi 


carbonate and phosphate was inhibited by 40 and 26 per cent, respectively. The 


decrease in phosphati reabsorption was inde pe ndent of the deercase in alomerula 
filtration rate (GFR). Two subjects reecived intravenous infusions of sodium 
hicvcarbonate in amounts caleulated to give alkali loads similar to that hich could 
he expected from sodium aectazolamide. Ifter bicarbonate infusion, crerction in 
ereess of control was 5 to 10 pei cent of that infused: in those subjects who re 
eolived aectazolamide, bicarbonate crcerction in ercess of control varied from SS 


to 1938 por ee nt of the administered alkali. This demonstrates that the alkaliniz 
ing effect of sodium aecctazolamide could not have accounted for more than 10 pol 
cont of exrereted hicarbonate. The results are consistent with the cones pl that the 
major portion of bicarbonate reabsorption iS de pe ndent upon ton erchanae. Tlou 
CtvcrT, the data also SuUdd¢ Sf an alte / nate path ayou hic h is share ad i ith nordannt 


phosphor Us, 


[' IS generally agreed that sodium-hydrogen ion exchange between the tubular 
fluid and tubular cells is involved in urinary acidification and biearbonat: 
reabsorption.'  lTlowever, there is not general agreement regarding the degre 
of dependence of bicarbonate reabsorption upon this process.2°° lon exchange 
has been reported to account for as much as 90 per cent® and for as little as 20 
per cent of bicarbonate reabsorption. Therefore, it seemed worthwhile to re 
investigate this problem in man using the technique of carbonic anhydrase in 
hibition. 
MATERIALS AND METHODS 

These studies were carried out in 7 men, none of whom exhibited evidence of renal dis 
ease or disturbance of acid-base balance. After suitable control periods (C) an intravenous 
injection of 1 Gm, of acetazolamide* was given during a period of approximately 30 seconds 


followed by a constant intravenous infusion which was then continued for 3 to 4 experimenta 
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pital, and the University of Minnesota Medical School, Minneapolis, Minn. 
Received for publication Nov. 4, 1959. 


*We are indebted to Dr. John C. Pace of the Lederle Laboratories for a supply of the 
sodium salt of acetazolamide 
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periods (FE) of approximately 45 minutes total duration. All clearance periods varied be 
tween 10 and 30 minutes. In the first case a total dose of 67 mg. per kilogram hody weight 
was given, The remaining 6 subjects received 100 to 120 mg. pet kilogram body weight. All 
studies were done with subjects water loaded in the postabsorptive state. Inulin clearance 
was used as a measure of glomerular filtration rate. Urine samples were colleeted under 
mineral oil through an indwelling catheter attached to a polyethylene tube. Only manual 
compression Was used to empty the urinary bladder. Heparinized blood samples were collected 
in oiled syringes at the mid-points of the clearance periods through an indwelling needle in 
a brachial artery. Electrolyte determinations were made on serum. Whole blood and urinary 
pil were measured anaerobically in a Cambridge research model pl meter at 387° C. Carbon 


dioxide content of plasma and urine was measured by the method of Van Slyke and Neill? 
Carbon dioxide tension was calculated from the Henderson-Hasselbaleh equation using a value 


of 6.10) for pl! and values of 0.0301 and 0.0309 for 0.0591la in blood and urine, 


respectively, Biearbonate concentration was caleulated as the difference between total 
CO, content and dissolved CO, Sodium: and potassium determinations were made on a Baird 
Hamme photometer. Chloride was determined by the method of Schales and Sehales.s In 


organic phosphorus was determined by a modification of the method of Fiske and SubbahRow.® 
Inulin was determined by Clausen’s modification!’ of the method of Roe and co-workers.!! 
Filtered load was calculated as the product of the glomerular filtration rate (GFR) and the 
serum concentration of the electrolyte. Reabsorption was determined as the difference be 


tween filtered load and urinary excretion. 
RESULTS 


Data from one ease are shown; those from the others are essentially the 
same. Table I illustrates values obtained from blood analyses. There were no 
significant changes in any of the parameters with the exception of the serum 
chloride concentration whieh declined from 108 to 102.6 mM. per liter. The 
phenomenon was not seen in any of the other subjects. We have no explanation 
for the deeline which occurred before acetazolamide was administered. 

Table II illustrates the urinary data obtained from the same representative 
study. The drug caused an abrupt rise in urine volume. Glomerular filtration 
rate dropped in period KE. and remained low throughout the remainer of the 
study. The urine became alkaline and exhibited an inerease in pCO,. The 
concentrations of all electrolytes except inorganic phosphorus increased. The 
drop in inorganic phosphorus concentration resulted from the combination of 
decreased filtered load and inereased urine volume. Tables III to VIT show 
caleulated data for each electrolyte. They are selfexplanatory, but several 
observations should be made. There was a progressive decline in filtered load as 
i result of a decrease in glomerular filtration rate which was observed in every 
subject. Exeretion of all electrolytes increased. In this patient inorganie phos- 
phorus exeretion decreased slightly as a consequence of decreased filtered load. 
In the remaining six patients there was an inerease in inorganie phosphorus 
‘xeretion after administration of acetazolamide. The increase ranged from 5 
0 21 uM per minute above control values with an average increase of 15 »M per 
uinute. In the last two periods shown in Table VII net secretion of potassium 
ecurred. Table VIIT illustrates the maximum effect of acetazolamide on electro- 

‘te reabsorption in all cases studied. Table LX illustrates the effeet of aceta- 
Olamide on bicarbonate reabsorption in all subjects. Only the minimum value 


bserved in each ease is shown in the column depicting the experimental periods. 
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TABLE I. BLoop ANALYSES FROM A REPRESENTATIVE STUDY ON PATIENT M.S. 
CO, PCO, HCO NA’ K CL P 
PERLOD PH MM./L.) MM. HG (MM./L. MM./L. MM./L. MM./L. MG. % 
Cc. 7.40 25.0 39.6 23.8 140.4 .6 10S. 1 t.4 
C 7.40 25.0 39.6 23.8 140.2 +. 1 106.2 14 
Acetazolamide 1 Gm. L.V., prime; 90 mg. per minute sustaining infusion 
E 7.40 23.4 10.5 24.2 142.0 1.5 103.0 ie 
| 7.40 25.0 39.6 23.8 140.0 1 104.0 1.0) 
Acetazolamide 1 Gm. LV. 
9 7.38 25.8 12.8 24.5 142.0 1.2 103.3 3.8 
kK, 7.40 25.5 10.5 24.3 142.0 1.2 102.6 1.2 
Total dose of acetazolamide: 100 mg, per kilogram B.W. 6.5 Gm. 
Duration of study 74 minutes 
*\fter 2 control periods an intravenous infusion of acetazolamide was started \ booster 
dose given after period Ee was without further effect 
TABLE Il. URINE ANALYSES FROM A REPRESENTATIVE STUDY ON PATIENT M. 8S. 
\ GFi CO pCO, HCO NA K CL P 
MI MI uM. (MM. MM. MM. MM. MM. M« 
PERIOD MID MIN. Pll Pa, Ha L.. L. L. L. o 
c 78 108.4 6.33 ,.8 16.2 2.4 11.0 10.7 19.2 3.28 
(* 8.2 112.9 6.51 Ss $7.5 2.4 11.5 10.3 197 a.76 
\cetazolamide: 1 Gm. I.V., prime; 90 mg. per minute sustaining infusion 
EK 16.2 112.6 ye 29.2 52.7 27.6 6 ae | 15.1 21.8 3.62 
E 16.6 S4.8 7.47 ‘2.2 55.8 40.4 17.6 20.9 a Ae f 2.09 
\cetazolamide: 1 Gm. IV. 
ke 17.1 74.0 7.00 3.8 O48 12.2 D6.3 20 25.2 2.1 
EK, 17.2 74.5 7.48 $3.6 6.4 $1.8 Did 19. 25.4 2.0 
Total dose of acetazolamide: 100 mg, per kilogram B.W. 6.5 Gm. 
Duration of study 74 minutes 
TABLE III. BICARBONATE DATA, PATIENT M. 8S. 
LOAD EXCRETION —” 
PERIOD MM./MIN. MM./MIN. KEABSORBED 
C, 2.58 0.018 99,2 
« » OS 0.020 QQ.” 
EB 2.72 0.420 S4.6 
ke 2.02 0.672 66.3 
kh 1.82 0.721 60.4 
E, 1.81 0.720 60.2 
TABLE LV. SopiumM DATA, PATIENT M. 8. 
LOAD EXCRETION “ 
PERIOD MM./MIN. (MM./MIN. REABSORBED 


99.4 
99.4 
V6.8 
93.3 
90.8 
90.6 
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TABLE V. CHLORIDE Data, PATIENT M.S 

LOAD EXCRETION “ 
PERIOD (MM./MIN.) (MM./MIN. ) REABSORBED 
C, 11.72 0.150 98.7 
C, 11.98 0.162 98.6 
K, 11.60 0.332 97.0 
KE 8.82 0.376 95.6 
Ki; 7.64 0.430 94.4 
Ki, 7.64 0.436 94.2 
TABLE VI. PuHosprorus DATA, PATIENT M. 8S. 
LOAD EXCRETION % 
PERIOD uM/MIN. uM/MIN. REABSORBED 
C, 153.8 ia. 91.4 
_y 160.2 15.2 G05 
E 152.5 ae 88.3 
kK 109.4 11.2 SOLS 
I 90.7 11.6 87.2 
E, 100.9 1i3.8 86.3 
TABLE VII. Povrassitum Data, PATIENT M. S. 
LOAD EXCRETION % 
PERIOD MM./MIN. MM./MIN. EXCRETED 
C. 0.498 0.083 16.7 
Ce O.462 O.OS4 18.2 
kK, 0.506 O.230 $5.4 
> O38 0.346 QO5 
kK O.310 0.345 111.4 
E, 0.312 O.334 107.0 
TABLE VIII. MAXIMUM EFFECT OF ACETAZOLAMIDE ON ELECTROLYTE REABSORPTION IN ALI 
7 PATIENTS STUDIED* 
NAt (% CI o// P(%) 
PATIENT Cc ki C kt C >) 
A.B. 99.0 92.8 98.3 95.8 89.8 (im 
eo. QS_8 90.0 97.7 94.0 89.8 73.4 
M. T. 99,2 89.8 99.2 94.6 94,2 69.6 
M.S. O94 90.6 98.6 94,2? 90.9 86.3 
E. O. Q7.0 89.0 95.7 9?.0 87.3 75.0 
is 98.8 90.8 98.2 95.2 88.8 76.2 
K.R 99.6 90.1 98.8 94.1 94.0 61.4 
Average OS.8 90.4 98.0 — 94.2 — 90.6 | 73.2 
°C the average control value. E the Vi vlue for the experimental period showing 
iaximum inhibition of reabsorption All reabsorption values are expressed as per cent of the 
Itered load 


(he percentage of inhibition of bicarbonate reabsorption seen in the last column 
aried from 31.5 to 48.0. Fig. 1 shows the relationship between phosphorus re- 
bsorption (PR) and glomerular filtration 
ental periods. 


rate for both control and experi- 
Phosphorus reabsorption is generally lower in the experimental 
eriods. ILlowever, a considerable drop in glomerular filtration rate oeeurred 
nd could account for the decline in phosphorus reabsorption independent of 
Smith"? 


unit filtrate unless it can be shown that reabsorption does 


cetazolamide action. points out that reabsorption of any substanee may 


be expressed per 
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indeed vary with glomerular filtration rate. 


relation between phosphorus reabsorption and glomerular filtration rate (1 








° Control 


¢ Acetazolamide 


a 4 





20 40 60 80 
GFR ml /min. 71.73 M* 





(ordinate) plotted 


scissa ) 


If one assumes that all changes in phosphorus reabsorption result from 
changes in glomerular filtration rate then correction of these values to 100 ml. 
of glomerular filtrate should result 
But as may be seen in Table X there is a decrease in phosphorus re 
absorption in every case when expressed in this manner with an average in 
Furthermore in an analysis of covariance in which the 
effects of varying filtration rates were excluded a significant difference in phos 
phorus reabsorption was found between the control and experimental periods 


shows that the usual phosphorus diuresis was 
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> value of the control periods is shown. 
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Our data show a significant cor- 


0.6859; p < 0.0L during experimental 
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PABLE XN. EFFECT © ACETAZOLAMIDE ON TNORGANIC PHOSPHORUS REABSORPTION INO ALL 7 
PATIENTS STUDIED 
REABSORPTION (uM LOO C.c. Gt ( INHIBITION 
EXPERIMENTAI 100 EXPERIMENTAI TT 
PATIENT CONTRO MINIMUM CONTROL 
41. B. 115.2 89.2 22.6 
t. 2. 113.6 116.0 13.2 
M. T. [37.4 93.5 32.3 
M.S. 145.0 79.1 15.4 
Kk. O 1014 80.2 ys | Be 
W. T. SO4 78.0 12.8 
EF’. R 111.6 42.0 35.9 
Average 119.1 S69 26.1 
S.D. PO 14.7 iz 
*The average value of the control periods is shown in column headed Control Only the 
experimental period minimum phosphorus reabsorption is shown 
40 r— _ 7 a — 
38 | 2 
ss ° Control ° 
36 
¢ Acetazolamide 
34 | 
32} ‘i 
30 | ‘ ° 
* } 2? ee 
, 28 |} 
= 26} e ° 
E 
24} ° e 
i ° 
< > - 
= qa Gf . 
- 29 | . , } 
” | 
2 18} ° ° 
. ‘ 
« 16 “ | 
x 14} ‘ 
tu | 
12 + . 
° 
10} | 
8 | 
fl | 
a| | 
2 t | 
ee ae ae ee eee ae ee ee ee ee ee 
0 2 4 © 8 10 12 14 16 18 20 22 24 26 28 
Urine Volume , cc /min. 
- The relationship between inorganic phosphorus excretion and rate of urine flow For 
eontrol periods 1 “71 For experimental periods 1 O.40 


ssociated with a rise in urine volume. Phosphorus exeretion is largely in- 
lependent of rate of urine flow during osmotie diuresis.'* 1° Our data reveal a 
enificant correlation between phosphorus exeretion and urine volume in the 
ontrol periods ey 0.71). Ilowever, in the experimental periods if drops 
» 0.45 which is barely signifieant. If a simple linear relationship existed in 
hich urine volume was the independent variable one would expect a better 
rrelation in the experimental periods. For these reasons the phosphorus 
uresis observed in the experimental periods is assumed to be largely in- 
pendent of the inerease in urine volume. 


DISCUSSION 


Our data reveal an inhibition of bicarbonate reabsorption of about 40 
r cent. Sehwartz and coauthors? reported that 90 per cent of filtered bi- 
rbonate appeared in the urine in dogs given four to five times as much 
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acetazolamide. Maren reported that earbonie anhydrase is “the rate controlling 
factor in about 20 per cent of bicarbonate reabsorption in the normal dog.” Ile 
attributed the results of Schwartz and co-workers to a severe transient alkalosis 
produced by the large amount of NaOH used to dissolve the compound and felt 
that bicarbonate exeretion not dependent on earbonie anhydrase inhibition ac 
counted for the massive bicarbonate diuresis.'* None of our patients became 
alkalotic. However, it was felt advisable to study biearbonate excretion in 
subjects who received an amount of base equal to that present in the sodium 
salt of acetazolamide infused in our studies. This compound is a dibasic salt 
with pKa, 7.4 and pha, %.1.'° The pl of the injected compound was 04 
An infusion of 50 mEq. of the sodium salt would result in formation of about 


25 mEq. of bicarbonate as a consequence of its Interaction with body buffers 











TABLE XI, EXcESS BICARBONATE EXCRETION 


“EXCESS” 
HCO, INJECTED HCO, EXCRETED BACKETED 100 

PATIENT M Ka. MK. INJECTED 

A. B. 16 3] 194 
Gu 19 29 153 
M. T. 30 35 117 
M.S. 24 27 113 
E. O. 34 38 i? 
ee 32 33 103 
E’. BR. 3 30 SS 
Le 1) 1.8 oes) 
E.G. 10 3.55 so 








*See text for explanation. 


Two normal men were studied as described except that they received 
NallCO, rather than acetazolamide. After two control periods both were given 
an intravenous injection of 4.5 mEq. of NallCO, after which a constant infusion 
was started at a rate of 0.88 mEq. per minute. This was given over a 40 
minute period. The total bicarbonate infused was 40 mEq. in each ease. In the 
control periods the patients, D. T. and E. G., exereted 0.09 and 0.102 mEq. bi 
carbonate per minute, respectively. Had they continued at this control raté 
bicarbonate exeretion for the 40 minute experimental period would have been 


‘ 


3.6 mEq. in D. T. 


and 4.08 mEq. in FE. G. They actually exereted 5.4 and 7.65 
mEq., respectively. During bicarbonate infusion, then, D. T. exereted 1.8 mEq 
in excess of the expected control exeretion whereas E. G. exereted an excess 0! 
3.55 mEq. Table XI shows the amount of potential bicarbonate infused as 
acetazolamide and the “excess” bicarbonate exereted during the experimenta 
period. The data on patients D. T. and E. G. are also included. The last colum 
illustrates the percentage of the infused bicarbonate excreted as “excess.” Thi 
two patients who received bicarbonate infusion exereted only 5 to 10 per cer 
of that infused; those who received acetazolamide exereted from 8S to 193° px 
cent. This demonstrates that at least 90 per cent of bicarbonate excretion 1 
sults from carbonic anhydrase inhibition with the doses of inhibitor used in oi 
patients. Hanley and associates’? infused multiple doses of acetazolamide intr: 


venously over a 2 hour period in humans. The usual total dose administer 
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was 15 mg. per kilogram body weight. With inereasing doses of inhibitor, bi- 
carbonate reabsorption approached an asymptotie value of about 75 per cent 
that of the control periods.  Tlanley and associates pointed out that the use of 
much larger doses of inhibitor would be necessary to determine whether the 
rate of bicarbonate reabsorption truly approached a limiting value. Our studies 
would seem to fulfill this requirement since we used doses four to eight times 
as great. Tf our average figure of 40 per cent inhibition is corrected by 10 
per cent for the alkalotie effeet of the injected solution plus a factor of 5 per 
cent for the Donnan effect on calculated filtered biearbonate load, we arrive at 

figure of approximately 25 per cent inhibition which agrees with those re- 
ported by Hanley and co-workers. Thus our data seem to add several points 
to their curve and support the idea that bicarbonate reabsorption approaches 
a limiting value with inereasing inhibitor doses. 

Malvin and Lotspeich 2 reported a depression ot phosphorus wu in dogs 
during bicarbonate diuresis produced by earbonic anhydrase inhibition and 
bicarbonate infusion. They postulated that while most bicarbonate reabsorption 
is dependent upon ion exchange there must also be another pathway for its 
reabsorption whieh is shared with inorganie phosphorus. Our data indicate 
that phosphorus reabsorption is inhibited by large doses of acetazolamide and 
re consistent with their hypothesis. 


SUMMARY AND CONCLUSIONS 


1. In aeute experiments intravenous infusions of large amounts of aceta- 
olamide resulted in an average inhibition of bicarbonate reabsorption of 
approximately 40 per cent. Biearbonate excretion not dependent upon earbonie 
inhvdrase inhibition did not account for more than 10 per cent of that exereted. 

2. Acetazolamide infusion resulted in an average inhibition of inorganie 
‘hhosphorus reabsorption of approximately 26 per cent. This was found to be 
ndependent of deerease in glomerular filtration rate or increase in urine volume 
vhich were uniformly produced by the drug in the doses used. 


4. The data are consistent with the hypothesis that bicarbonate reabsorp- 
ion is dependent upon ion exchange but that reabsorption also oeceurs along a 


athway shared in common with inorganie phosphorus. 


We are indebted to Mrs. Delores Anderson and Miss Joan Sellner for their invaluable 


linieal assistance and to Drs. Leslie Zieve and Nathan Lifson for their helpful advice. 


REFERENCES 


Berliner, R. W., Kennedy, T. J., and Orloff, J.: Relationship Between Acidification of 
the Urine and Potassium Metabolism, Am. J. Med. 11: 274, 1951. 

Schwartz, W. B., Danzig, L. E., and Relman, A. 8.: Role of Carbonie Anhydrase in 
Renal Tubular Reabsorption of Bicarbonate, Am. J. Med. 14: 526, 1953. 

Schwartz, W. B., and Relman, A. S.: The Dependence of Renal Sodium Reabsorption 
on Hydrogen Ion Exchange, J. Clin. Invest. 33: 965, 1954. 

Maren, T. H.: Carbonic Anhydrase Inhibition. IV. The Effects of Metabolic Acidosis 
on the Response to Diamox, Bull. Johns Hopkins Hosp. 98: 159, 1956. 

Hilton, J. G., Capeci, N. E., Kiss, G. T., Kruesi, O. R., Glaviano, V. V., and Wegria, 
R.: The Effeet of Acute Elevation of the Plasma Chloride Concentration on the 
Renal Excretion of Bicarbonate During Acute Respiratory Acidosis, J, Clin. 
Invest. 35: 481, 1956. 





























GORDON ET AL. JI & Clin. Me 


Brodsky, W. A., Miley, J. F., Kaim, J. F., and Shah, N. P.: Characteristics of Acid 
Urine After Loading With Weak Organie Acids in Dogs, Am, .J. Physiol. 193: 
LOS, 1958, 

Van Sivke, D. D., and Neill, J. M.: The Determinetion of Gases in Blood and Other 
Solutions by Vacuum Extraction and Manometric Measurement. 1, J. Biol. Chem, 
6l: 523, 1924. 

Hawk, P. B., Oser, B. L., and Summerson, W. H.: Practical Physiological Chemistry, 
New York, 1954, Blakiston Company, pp. 62 le 

Reiner, M.: Standard Methods of Clinical ¢ hemistry, New York, 1953, Aeademie Press, 
lne., pp. S4-S7. 

Clausen, D. F.: Doctoral Thesis, University of Minnesota, Minneapolis, 1955, 

Roe, n § 7. Epstein, pe a and Goldstein, N. P.: A Photometric Method for the Ds 
termination of Inulin in Plasma and Urine, J. Biol, Chem. 178: S30, 1949. 

Smith, H. W.: The Kidney, New York, 1951, Oxford University Press pp. dvO-ao1 
footnote 

\ver, J. L., Schiess, W, A., and Pitts, R. Fi: Independence of Phosphate Reabsorptior 
and Glomerular Filtration in the Dog, Am. .J. Physiol. 151: 168, 1947, 

Wesson, L. G., Jr, and Anslow, W. P.. Jr: The Exeretion of Sodium and Water 
During Osmotic Diuresis in the Dog, Am. .J. Physiol. 153: 465, 1948, 

Rapoport, S., West, C. D., and Brodskv, W. A.: Excretion of Solutes and Osmotic 
Work During Osmotic Diuresis of Hvdropenie Man, The Ideal and the Proxima 
and Distal Tubular Work; The Biological Maximum of Work, Am. JJ. Physiol. 157: 
HO, 194d, 

Maren, T. H.: Carbonie Anhvdrase Inhibition. V. N5-Substituted 2-acetvlamino-1.3, 
$-thiadiazole-5-sulfonamides: Metabolic Conversion and Use as Control Substances, 
J. Pharmacol. & Exper. Therap. 117: 385, 1956. 

Hanley, T., Jowett, G. H., Kilpatrick, R.. and Plaits, M.: The Role of Carboni 
Anhydrase in Renal Reabsorption of Bicarbonate, J. Physiol. 145: 277, 1959. 
Malvin, R. Le. and Lotspeich, W. D.: Relation Between Tubular ‘Transport ot Lnorganl 

Phosphate and Bicarbonate in the Dog, Am. J. Physiol. 187: 51, 1956. 


o aud tt 

















IMMUNOLOGIC AND BIOLOGIC SIMILARITIES OF SEROPOSITIVE 
RHEUMATOID AND NONRIEUMATOLD DISEASE SERA: 
GEL DIFFUSION STUDIES 
IlarrY BarvrreLp, M.D. 

New York, N. Y. 


There is a. siqnificant ineidence of positive latex fixation tests for the 
heumatoid factor in diseases other than rheumatoid arthritis. The 


factor is a macroglobulin and 


the double ael diff 


rheumatoid 


efforts have been made in our laboratory using 


usion techn que of Ouchterlony to differentiate 


rheumatoid 
factor macroglobulin 


from macroglobulin prese nt oan seropositive nonrheumatoid 


disease se a. Pree putin reactions with appropriate antisera in 


acl diffusion can 
differentiate between sim lay and close ly related cross reacting antigens, 
With antimacroglobulin sera, se rOpos five rheumatoid and nonrheumatoid 
discase sord generally shou significant amounts of macroglobulin = prior ab 


sorption with nonheated Fraction II removed macroglobulin to the extent that 
the preeipitin lines were no longer visible and testing sé rOpos tire sera with 
heated Fraction II revealed similar macroglobulin precipit n lines. A positive 
rheumatoid serum did not shor S gnific ant amounts of macroglobulin - con 
versely, a negative serum did. 


With rabbit antirheumatoid euglobulin sera, additional preeipitin lines 
appeared with seropositive sera, but not with seroneaqative § sera. When the 


rum was absorbed with 


globulin fractions these preerpitin lines were 


antirheumatoid eudlobulin SN rarious normal human 


no londqer formed, indicative of loss 


of any spec ificity. 


A PREVIOUS report! contained a discussion of the incidence and significance 


of seropositive tests for rheumatoid factor in nonrheumatoid diseases with 
techniques that involve sensitization of sheep cells with rabbit hemolysin and 
tanned sheep cells or latex particles sensitized with human Fraction II. These 
tests show an incidence of 1 per cent positive in normal controls; 5 per cent 
positive in a sick population and higher percentages are seen in certain diseases 


ind abnormal protein states. These include the collagen, liver, lung, kidney dis- 


‘ases, viral and nonviral infections, syphilis, sareoid, cancer, and macroglobu- 
inemia, both primary macroglobulinemia, and diseases sometimes accompanied 
vy macroglobulinemia, which is referred to as secondary macroglobulinemia.? 
t has been demonstrated that 


the reacting faetor in 
naeroglobulin. 


rheumatoid serum is a 
Efforts have been made in our laboratory to differentiate 
‘theumatoid factor macroglobulin 
heumatoid diseases. 


from macroglobulin in’ seropositive non- 
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METHODS 








Rheumatoid and the 





nonrheumatoid sera, positive with latex fixation test after the 
procedure of Singer and Plotz,4 modified by inactivation of the serum at 56° C. for 30 
minutes, were selected for this study. Hereafter seropositive and seronegative refer to 


results of the latex fixation test only. 





Test 


gamma globulin, beta globulin, and Fraction V) was supplied by Dr, Leonard Korngold.’ 


Reade nts. Rabbit 





antimacroglobulin serum (antihuman serum absorbed with 7S 


Heated aggregated Fraction I] was prepared by heating human Cohn Fraction IL (Squibb 
at 63° C. for 10 minutes. Human rheumatoid sera were dialyzed against phosphate-citrate 
buffer, pH 5.8, at 4° C. for 48 hours5; antisera against the euglobulin was produced in 
rabbits utilizing Freund’s adjuvant. 

These sera and test reagents were used in the double gel diffusion technique of 
Ouchterlony and were done with the cooperation of Dr, Korngold. In the Ouehterlony 
technique antigens and antibodies diffuse toward each other through an agar medium and 
lines of specific precipitate form in the region of optimal proportions for each antigen 
antibody system. The position and shape of the precipitin line may differentiate macro 
globulins from 7S gamma globulins.’ Also by arrangement of reservoirs it can be demon 
strated that similar antigens to an antibody will form lines that coalesce, whereas closely 


related cross reacting antigens will form a spur at the site of fusion of the lines. 

















Fig. 1 i. 2 * D, Center well antimacroglobulin serum. Sera diluted 1 25 ee > 
(A) Waldenstrom’s macroglobulinemia Titer Fraction II latex fixation test 2560, 2, «B) 
Rheumatoid arthritis Titer Fraction II latex fixation test 2,560 >}, €C) Subacute bacteria 
endocarditis Titer Fraction II latex fixation test: 5,120 }. (D) Waldenstrom’s macroglobu 
linemia Titer Fraction II latex fixation test: 20. B, 1, (f&) Cirrhosis of the liver. Titer 
Fraction II latex fixation test 10,240 2, (F) Syphilis. Titer Fraction II latex fixation test 
1,280 8. (G) Dysgammaglobulinemia syndrome. Titer Fraction II latex fixation test 2 560 
}. (H) Rheumatoid arthritis Titer Fraction IL latex fixation test: 20. C, 1, (1) Rheu- 
matoid arthritis. Titer Fraction II latex fixation test: 5.120 2, Same serum after absorption 
with Fraction II. 3, Same serum inactivated and absorbed with Fraction II — me) 
Rheumatoid arthritis. Titer Fraction II latex fixation test: < 20. D, 1, (J) Dysgammaglobu- 
linemia syndrome. Titer Fraction I] latex sixation test 1,280 2, Same serum after absorption 
with Fraction Il. 3, Same serum inactivated and absorbed with heated Fraction II } €D) 
























RESULTS 





Demonstration of Macroglobulin Precipitin Reaction.—Fig. 1 illustrates 
various seropositive rheumatoid and nonrheumatoid sera tested against anti 
macroglobulin serum in such dilutions that a precipitin line would indicat 
a high normal or relative increase of macrogammaglobulin. <A dilution of 1:1 
being the high limit of normal, a dilution of 1:50 indicated an absolute inereas 


of macroglobulin. The dilutions represented are 1: 25. 





*Section of Immunology, Sloan-Kettering Institute for Cancer Research, New York, N. ¥ 
+Courtesy of the American Red Cross. 
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Absorption of Macroglobulin With Fraction I1.—F ig. 1 also shows that the 
macroglobulin precipitin line previously produced with antimacroglobulin serum 
and latex positive rheumatoid (1) and dysgammaglobulinemia svndrome (.J) 


sera do not appear after prior absorption with human nonheated Fraction IT. 





rie. 2, i, Center well: antigammaglobulin serum 1, (LL) Rheumatoid arthritis. Titer 
Fraction II latex fixation test: 2.560. 2, (FH). 3, CF) 5, (M) Rheumatoid arthritis. Titer 
Fraction II latex fixation test: 2,560 5, (G) 6, (N) Rheumatoid arthritis. Titer Fraction 
II latex fixation test: 1,280. B, Center well heated 2.5 per cent Fraction Il. Same sera as A. 


Similarity of Precipitin Lines Produced With Seropositive Rheumatoid 
and Nonrheumatoid Sera—In further work various positive rheumatoid and 
nonrheumatoid sera were tested against rabbit antihuman gamma _ globulin. 
Fig. 2 shows precipitin lines for macroglobulin nearer the test sera wells and 
precipitin lines for 7S gamma globulin nearer the antiserum well. The macro- 
globulin precipitin lines all coalesce with each other. In a simultaneous experi- 
ment the same sera were tested against heated 2.5 per cent Fraction IL and 
macroglobulin precipitin lines appear with a rheumatoid 
dysgammaglobulinemia patient (@G). 


M) and a seropositive 


Sera were tested against heated 0.6 per cent Fraction II. This appears to 
be an optimum concentration. Fig. 3 shows macroglobulin preecipitin lines 
with seropositive rheumatoid (I and 8S), seropositive diseases of the leukemia 
and lymphoma group associated with macroglobulinemia (P, R, and T), and 
dysgammaglobulinemia (G@ and J). On the other hand, a seronegative second- 
ary macroglobulinemia did not show such a precipitin line (Q). The sero- 
positive sera, especially G, J, S, I, and T, were inactivated sera and they also 
roduced faint precipitin lines with each other (that do not photograph) ; these 
nay have prevented absolute coalescence of the central precipitin lines. 

Fig. 3 also demonstrates that a seropositive rheumatoid (S) and a sero- 
Ositive patient with lymphosarcoma associated with macroglobulinemia (R) 
ach produced two macroglobulin lines with heated Fraction II components. 

Fig. 4 illustrates an experiment in which the wells were arranged to con- 
urrently test positive latex rheumatoid and nonrheumatoid sera against heated 


‘raction IL and goat antihuman maecrogammaglobulin serum in the same gel 
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diffusion system. The macroglobulin precipitin lines that appear with each 
test reagent appear to be similar and coalesce with each other. This was demon- 
strated with sera from a patient with rheumatoid arthritis (1), from a patient 
with a lymphosarcoma associated with macroglobulinemia (T), and from a pa- 
tient with dysgammaglobulinemia G and J). The preeipitin lines that appear 
between the antimacroglobulin serum and Fraction I] are due to macroglobulin 


normally present in commercial Fraction TL. 





Fig. 3.—Center well: heated 0.6 Fraction II 1, 7, (O) Secondary macroglobulinemia. 
Titer Fraction II latex fixation test 120 2, (P) Secondary macroglobulinemia Titer Frac- 
tion II latex fixation test 9,120 3}, ILempty }. (Q) Secondary macroglobulinemia. Titer 
Fraction Il latex fixation test 20. 5, (R) Secondary macroelobulinemia Titer Fraction II 
latex fixation test 640 6, KEmpty B, 1, (G) 2, (J). 8, (S) Rheumatoid arthritis. Titer 
Fraction II latex fixation test 2.560 4. (1). 5, Empty 6, (T) Secondary macroglobulinemia 
Titer Fraction II latex fixation test: ) 





Fig 4 Center well: heated 0.6 per cent Fraction II a. Antimacroglobulin serum .. £85 
3, (T) }. Antimacroglobulin serum. 4, (J) 6, (G). 


Reaction With Rabbit Antihuman Euglobulin.—Rabbit antirheumatoid 
euglobulin serum was tested against various sera as seen in Fig. 5. Supple 
mentary macroglobulin precipitin lines appeared with seropositive rheumatoid 
arthritis (U and X), subacute bacterial endocarditis (C), and dysgammaglobu- 
linemia (J), but not with negative rheumatoid (Y) and osteoarthritis (V and 
W) sera. After absorption of the rabbit antihuman rheumatoid euglobulin 
serum with human 7S gamma globulin, beta globulin, and Fraction V, these 
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additional lines disappeared and similar coalescing lines appeared with sero- 
positive rheumatoid (N), seropositive dysgammaglobulinemia (G) 
negative normal sera (Z). 


and sero- 





| B. ( 

Fig. 5 Center well rabbit antirheumatoid euglobulin serum c. 2, 4h, 3. <U) 
Rheumatoid arthritis Titer Fraction II latex fixation test: 5,120. 8, (V) Osteoarthritis. 
Titer Fraction II latex fixation test: 20. B, 1, (W) Osteoarthritis Titer Fraction II latex 
fixation test: < 20 2. (5) 8. (X) Rheumatoid arthritis Titer Fraction II latex fixation 

st 10,246 s. (Y) Rheumatoid arthritis. Titer Fraction II latex fixation test: < 20. OC, 1, 


te 
Rabbit antirheumatoid euglobulin serum absorbed with 7S gamma globulin, beta globulin, 
7 : - : 


and 
raction \ 2, (Z) Normal. Titer Fraction II 


latex fixation test: < 20 3, 443. 43 €n 


DISCUSSION 


Seropositive rheumatoid and nonrheumatoid sera generally show precipitin 
lines for significant amounts of macroglobulin. 


This was seen with dysgamma- 
globulinemia (G and J, Fig. 1 


subaeute bacterial endocarditis (C, Fig. 1), 
cirrhosis of the liver (E, Fig. 1), syphilitic heart disease (F, Fig. 1), and with 
Waldenstrom’s (primary) macroglobulinemia (D, Fig. 1). Another Walden- 
strom’s macroglobulinemia (D, Fig. 1) was seronegative. 

A positive latex fixation test in rheumatoid arthritis may not always be 
associated with a signifieant (B, Fig. 1) or inereased amount of total macro- 
globulin although frequently positive latex rheumatoid serum (I, Fig. 1) is. On 
he other hand, negative latex rheumatoid serum usually does not show a pre- 
‘ipitin line for significant amounts of macroglobulin (H, Fig. 1) but sueh a 
‘ase was found (K, Fig. 1). It appears that significant amounts of macro- 
‘lobulin or total inerease of macroglobulin, although associated with more fre- 
juent seropositive tests, does not necessarily predicate a seropositive test. This 
robably is indieative of a specifie reactant macroglobulin. 

The macroglobulin precipitin lines that appeared with seropositive rheuma- 
id serum, with serum from a patient with the dysgammaglobulinemia syn- 
rome, and with serum from an individual with prostatie cancer associated with 
acroglobulinemia could be removed by prior absorption with nonheated Frae- 
on II. This oceurs whether the sera was inactivated at 56° C. before treatment 
ith Fraction II or not. (I, 2, 3; J, 2, 3; Fig. 1.) Testing of seropositive sera 
ith heated Fraction II revealed similar macroglobulin precipitin lines generally 
iether they were rheumatoid or nonrheumatoid and whether they were inacti- 
ted or not. Furthermore, in the same gel diffusion system these lines appeared 
coalesce with each other. It has been suggested that seropositive tests with non- 
eumatoid sera do not appear in procedures that eall for inactivation prior to 
sting. This has not been our experience. 





BARTFELD 


Tests of antirheumatoid euglobulin sera with seropositive rheumatoid and 
nonrheumatoid sera gave similar supplementary precipitin lines. These lines 
did not appear with seronegative rheumatoid and osteoarthritie sera. Ilowever, 
after absorption of rabbit antirheumatoid euglobulin sera with normal human 
7S gamma globulin, beta globulin, and Fraction V, these additional lines dis 
appeared. Corresponding results using rabbit antirheumatoid gamma globulin 
with rheumatoid serum have been reported.’ Here also absorption of the anti 
sera with various globulin fractions resulted in loss of any specificity.’ In view 
of this loss of specificity after absorption of antirheumatoid euglobulin§ sera 
with 7S gamma globulin, beta globulin, and Fraction V perhaps further in 
vestigation is warranted with the beta globulin components of the test sera. 
Kunkel and collaborators'® have demonstrated a close immunologic relationship 
between rheumatoid factor gamma globulin, normal 19S gamma globulin, and 
pathologic macroglobulin. 


It has been reported that there is more than one rheumatoid faetor in 


rheumatoid arthritis, and Heimer and co-workers" have reported the presence 


of four reacting macroglobulins in rheumatoid arthritis. In the work presented 
here two macroglobulin lines appeared with heated Fraction IL components in 
two seropositive sera, one rheumatoid and one nonrheumatoid. 

It appears that macroglobulins present in seropositive rheumatoid and non- 
rheumatoid diseases cannot be distinguished from each other in tests using the 
double gel diffusion technique with antimacroglobulin serum, antirheumatoid 
euglobulin serum, and heated human Fraction I]. These maeroglobulins, which 
appear similar as far as their reactions with these reagents, may not be 
identical, but do contain similar reacting groups. An increase of total macro 
globulin as in Waldenstrom’s macroglobulinemia does not ensure a positive latex 
fixation test, and a positive latex fixation test can oceur without significant 
amounts of macroglobulin present. Sera from patients with diseases associated 
with macroglobulinemia do give positive latex fixation tests to a significant 
degree. 

The nature of the reactant macroglobulin in rheumatoid arthritis, whether 
an aberration of protein synthesis or an autoimmune body, is still to be 
determined. 


CONCLUSIONS 

1. Double gel diffusion techniques utilizing heated Fraction II, anti 
macroglobulin, and antirheumatoid euglobulin sera produce similar macro 
globulin precipitin lines with sera of patients with seropositive rheumatok 
arthritis, cirrhosis of the liver, syphilis, subacute bacterial endocarditis, an 
diseases associated with macroglobulinemia. 

2. A seropositive rheumatoid serum may or may not contain significa 
amounts of total macroglobulin. 


») 


3. A seronegative rheumatoid serum may contain a significant amount « 
total macroglobulin. 
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4. Serum from an individual with rheumatoid arthritis and a patient with 
lymphosarcoma associated with secondary macroglobulinemia each produced two 


separate macroglobulin precipitin lines with heated human Fraction IT. 
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LABORATORY METHODS 


SIMPLE METHOD FOR LEUKOCYTE SEPARATION 


P. GoLp, B.Sc., AND M. CoLe 
MONTREAL, QUEBEC 


A simple and useful technique for the separation of leukocytes from whol 
blood is described. Using EDTA (Versene) as the anticoagulant and preserva 
tive, the blood is gently layered on to twice the volume of polyvinylpyrrolidon 
and left undisturbed until the separation is complete, usually about 40 minutes. 

Two mechanical factors assist the separation: (1) the leukocytes, lighter 
than the erythrocytes, tend to rise to the top of the blood and (2) the erythro 
cytes, on entering the polyvinylpyrrolidone, form massive rouleaux, thus hasten 


ing the process. 


ECHNIQUES for the separation of leukocytes from whole blood have been 

described which are based on micromanipulation, differential sedimenta 
tion,’ * differential centrifugation,’ leukocyte flotation,* or red blood cell 
hemolysis. 

In this article an improved method of differential sedimentation is pre 
sented which has the advantages of simplicity and rapidity, and yields leuko- 
eytes in large quantity and in a high state of purity. 


MATERIALS AND METILODS 


Polyvinylpyrrolidone (PVP) is used at an optimal concentration of 28.5 per cent as a 
differential sedimentation medium. 

The most satisfactory separations have been obtained with whole blood treated with 
EDTA. Although the pH of the EDTA solution (1.5 per cent Na,H,EDTA dihydrate and 
0.7 per cent NaCl in distilled water) was in the acid range, the viability of the cells was 
not affected. However, a pH above 8.0 caused almost complete lysis of the leukocytes. 


Comparably good separations were obtained with oxalated whole blood in Versene phosphat: 





Fig. 1.—Separation of red cells from white cell layer at polyvinylpyrrolidone interphase. 
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Fig. 2 Structure of isolated white cells stained with toluidine blue. 


(* 950: reduced 1 ) 


of pH 7.4 (0.190 Gm. Na,EDTA, 2.86 Gm. Na, HPO 4- 1291.0, or 


1.13 Gm. anhydrous, 7 Gm. 
NaCl in 1 L. distilled water), but the 


separations were slower than with EDTA alone. 
Defibrinated blood and blood treated with heparin and citrate were also studied but proved 
less satisfactory. 

The best separations were obtained at room temperature 18° te 20° C.). It was 
essential to coat all the apparatus employed with silicone, 

Technique.—Muman blood obtained by venipuneture was mixed with the EDTA’ solu 
tion In proportions of 2 parts of blood to 1 part of EDTA. One milliliter of 
mixture was then slowly 


the resulting 
lavered, dropwise, from a height of not more than 1] em. onto the 


urface of 4 ml. of polyvinylpyrrolidone* (28.5 per cent) in 0.9 per cent NaCl in a 15 ml. 


i 


onical centrifuge tube. The tube was then placed upright in a rack for about 40 minutes 


by which time the mass of erythrocytes had settled to the bottom of the tube, leaving the 
leukocytes in a ring at the top of the polyvinylpyrrolidone just below the plasma layer as 
hown in Fig. 1.) This laver could then be aspirated with a fine Wintrobe pipette. For more 
omplete recoveries the tubes were allowed to stand for 10 minutes longer and any re 
naining leukoeytes could then be aspirated in a similar manner, 

The pipette was washed out with normal saline to avoid loss of leukocytes by adhesion 
the sides of the pipette. The polyvinylpyrrolidone was removed from the aspirate by 
lding about 10 ml. of 0.9 per cent NaCl to the leukoeyte-polyvinylpyrrolidone suspension 
nd centrifuging at 2,000 rp.m. for 10 minutes. The leukocytes were then resuspended in 
line, 


RESULTS 
Separations of white cells were highly satisfactory. In 75 tests the range 
~ contamination with red blood cells was 2 to 15 per cent (mean 5.8 per eent) 
ul 70 to 85 per cent (mean 81.3 per cent) of the white cells in the blood were 
covered in the white cell laver. The cells were found to be completely viable 


*Poulenc Limited, Montreal, Quebec 
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after the separation. This was proved by showing the leukocytes to be actively 
phagoeytie for a strain of microcoeci and by staining the cells supravitally with 
Janus green and neutral red. 





Fig. 3.—a, b, c, and d, Progressive states of rouleaux formation at polyvinylpyrrolidone inter- 
phase (x100; reduced 4.) 


Photomicrographs of wet preparations of the purified leukocytes, stained 
with the nuclear stain, toluidine blue, are shown in Fig. 2. 

It is possible that leukocyte preparations completely free of erythrocytes 
may be obtained by briefly washing the initially purified suspension with | pet 
cent acetic acid. The effect of this on leukocyte viability has not been fully 
determined but appears to be slight. 

It was found that there was little loss of vield or purity when 2 ml. of a 
solution of blood and EDTA was layered onto the 4 ml. of polyvinylpyrrolidone 
The extension of this procedure to the separation of leukoeytes from greate! 
volumes of blood using larger tubes and greater volumes of polyvinyl pyrrolidone 
has been initiated. Although sueh separations are slightly less pure because 0 
the greater area of separating interphase, the recoveries have remained equall) 
high. 
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It should be noted that this procedure was developed during an attempt to 
obtain a leukoeyte-free erythrocyte mass which would eontain all the retieulo- 
cytes. These are usually removed in the buffy layer of a centrifuged blood 
sample. In our proceedure the erythroeyte mass is free of leukoeytes and the 
reticuloeytes of the whole blood sample lie on the upper layer of the red cell mass. 

The probable mechanism of separation is indicated in Figs. 1 and 3. When 
the blood is layered onto the polyvinylpyrrolidone the latter medium serves 
initially as a base upon which immediate cell separation may begin. The lighter 
leukocytes tend to rise to the top of the blood mass, whereas the erythrocytes 
hegin to settle. As the individual erythrocytes enter the polyvinylpyrrolidone, 
the cells aggregate to form larger and larger rouleaux, finally forming one laree 
mass which sediments rapidly. Sinee the leukocytes do not have this tendency 
to aggregate their rate of sedimentation remains very low. The leukoeytes are 
thus left behind after the red cell mass has settled. 

Possible applications of this technique inelude demonstration of the lupus 
erythematosus phenomenon, the isolation of leukoeytes for typing or transfer of 
tubereulin sensitivity by leukoevte injection, and the isolation of cireulating 
malignant eells. 


SUMMARY 


A method for the separation and purification of leukocytes from whole blood 
is deseribed. The technique yields viable leukocyte preparations of high purity 
and in large quantity. A possible explanation for the mechanism is given. 
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THE SULKOWITCH TEST AND QUANTITATIVE URINARY CALCIUM 
EXCRETION* 
Seymour Rirrer, M.D.,** Herta Spencer, M.D.., 
AND JOSEPH SAMACHSON, PH.D. 
New York, N. Y. 


In order to test the accuracy of the Sulkowitch test 


as ¢ nadicate ‘ 
hype 0) hypocalcemia and of hypo and hypercaleiuria, the esults of th fest 
obtained on SOO urine collections were related to the actual concentration of 
wrinary calcium and fo the 24 hou “urinary caleium (Je retion, Some co elatio 


as found between the classifications of the test and urinary calcium concentra 


tion, but there was considerable scatter and the dearce of correlation was too 
poor for the use of this test in clinical interpretation as an indicator of hup 
and hypocaleiuria, {ln attempt to study the factors re sponstbli for the wide 


dearce of the seatter was unsuccessful. This test should be 


replaced hie ne 


possible by quantitati € determinations of urinary and ¢ 


serum caterum, 


If Sulkowitch test has been widely used in disorders of calcium metabo 

lism as an indicator of the presence or absence of hyper- or hypoealeemia. 
This test was first described by Barney and Sulkowiteh in 1987 and the results 
were checked against the serum ealcium of various patients at that time.’ 

Despite the wide c¢linieal use of the Sulkowiteh test, no studies of the 
correlation of the various ¢lassifications of the test and the 


actual excretion 
of urinary ealcium have been carried out. 


The assumption is made that changes 
of the serum calcium levels are reflected by corresponding changes in urinary 
calcium excretion, which are qualitatively measured by this test. In this study, 
the accuracy of the test was measured in terms of actual urinary caleiun 
excretion. 


MATERIALS AND METHODS 


Five hundred 24 hour urine collections, obtained from over 100° patients, were test 


with the Sulkowitch reagent. Aliquots of these urines were also analyzed for caleium, phos 
phorus, and creatinine and, in many instanees, for nitrogen. The pl of all urines wa 
determined. The test was performed as originally described. The Sulkowitch reagent?! 


was prepared by adding water to 2.5 ml. oxalic acid, 2.5 Gm. ammonium oxalate, and 9 n 


glacial acetic acid to make up a volume of 150 ml.; 5 ml. of the Sulkowitch reagent w: 
added to 5 ml. of urine. The mixture was shaken manually and allowed to stand for 


minutes before the reading was taken. All readings were performed visually by one observe 
and classified as negative for no precipitate, one plus for 


a slight precipitate, two plus f 
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a moderate precipitate which was still transparent, three plus for a heavier precipitate which 
was translucent, and four plus for a milky white precipitate. To facilitate readings of inter- 
mediate quality, classifications of a trace positive, one plus to two plus, two plus to three 
plus, and three plus to four plus were also used. The classifications of these readings were 
also checked by several observers. 

The reproducibility of the results was checked by performing repeated tests on samples 
of 100 urine collections. In addition, aliquots of 50 urine collections were tested in the 
isual manner and the Sulkowitch test was repeated on the same urine samples after the 
addition of 1 ml. of 1 per cent polyvinyl alcohol as a colloidal stabilizer to the 5 ml. aliquot. 

The urinary calcium was determined by a modification of the method of Shohl and 
Pedley,3 phosphorus by the method of Fiske and SubbaRow,# nitrogen by the Kjeldahl 
method, 

RESULTS 

Of the 500 urines tested, 402 were classified as negative, trace positive, one 
plus, two plus, three plus, or four plus. The differences between the mean eal- 
cium coneentrations corresponding to the classifications of the Sulkowitch test 
were statistically significant in all eases below the 1 per cent level of proba- 
bility. Table I lists the ranges, medians, means, and standard deviations of 
the calcium concentrations in urine and the range of calcium concentrations in 
pure ealcium chloride solutions which correspond to six classifications of the 
Sulkowitch test. In general, the higher the urinary concentration of calcium, 
the more positive the test. Within each group, however, a wide variation of 
the urinary caleium concentrations can be noted and there is overlapping of 
the range of the calcium concentrations in the different groups. In all classifica- 
tions, a lower mean concentration of calcium in urine than in caleium chloride 
solutions was sufficient to give a similar precipitate with the Sulkowitch reagent. 


ABLE I. READINGS OF THE SULKOWITCH TEST OBTAINED ON URINES AND CaCl, CONTAINING 
VARIOUS CALCIUM CONCENTRATIONS 


URINARY CALCIUM ( MG./ 100 ML.) 


SULKOWITCH NO. ] | CaCl, SOLUTION 
rEST READING OF TESTS RANGE MEDIA MEAN S.D. |Ca (mG./100 ML.) 
Negative 18 1.00- 3.45 2.02 2.10 0.6 0-3 
Traee positive 54 0.91-11.96 3.38 4.21 7B 3.5-6 
14 67 2.04-13.7 1.23 5.3 2.5 6.5-9 
2+ 177 3.19-23.90 9.18 9.45 3.3 12-18 
3+ 92 5.58-45.06 14.92 19.3 10.3 24-37 
H+ 1 30.70-42.88 36.52 36.65 5.2 > 55 


The concentrations of calcium in urine are plotted against the readings 
the Sulkowiteh test in Fig. 1. Although the readings tend to be more posi- 

e the higher the concentrations of the urinary ecaleium, a considerable seatter 
the results can be noted. For instance, readings of trace positive to three 

s were obtained on urine samples which contained calcium ranging in con- 
tration from 5.6 to 12 mg. per 100 ml., the trace positive being indicative 

0 hypoealeciuria and, therefore, presumably of hypocaleemia and the heavy 
)) -cipitate giving a three plus reading suggestive of hyperealciuria and pre- 
S| aably hyperealeemia. The high degree of scatter is further illustrated by 
1 dings of the three plus eategory which is made up of tests performed on 
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urines having caleium concentrations ranging from 5.6 to 45 mg. per 100 ml. 
Only four definite four plus readings were obtained despite the fact that 
several patients were hyperealeemic and had urinary calcium concentrations of 
more than 30 mg. per 100 ml.; the tests of the remaining hyperealeemie 
patients were grouped in the intermediate two plus to three plus and in the 
three plus classifications. 
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Fig. 1 Relationship of urinary calcium concentration to the Sulkowitch test 


An attempt was made to relate the results of the Sulkowiteh test per 
formed on different urine collections which had a similar total ealeium content 
but different volumes. Fig. 2 shows there was no correlation and a wid 
scatter of the results. 

The effect of different phosphorus concentrations in urine in the presence 0 
four widely different ranges of urinary calcium concentration was tested 01 
the readings of the Sulkowitech test. Fig. 3 shows that no correlation was note: 
between the readings of the Sulkowitch test and changes of urinary phosphoru 
concentrations. In the range of urinary caleium concentration of 16 to 20 meg 
per 100 ml., however, a slight tendency to an inverse relationship between t! 
urinary phosphorus concentration and the readings of the Sulkowitch test 
noted: the readings tend to fall into a higher positive classification of the tes 
at lower than at higher urinary phosphorus concentrations. 

Readings of the Sulkowitch test performed repeatedly on 100 urine samp| 
revealed reproducibility of the results. These were either the same as 1 
primary reading or fell into the next Jower or next higher intermediate class 
fication. 
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Fig. 2.—Relation of Sulkowitch test to urinary volume at constant urinary calcium level 
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SULKOWITCH TEST 
Relationship of urinary calcium and phosphorus concentration with the Sulkowitch test 
The readings of the Sulkowiteh test performed on 50 urine samples before 
after the addition of 1 per cent polyvinyl] alcohol did not appreciably differ. 
nitrogen content of the urines did not differ greatly and had no bearing 
he results of the test. 
DISCUSSION 
The need for estimating the urinary calcium exeretion has received inereas- 
ittention in recent vears since derangements of calcium metabolism play a 
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part in a variety of medieal conditions in which bone is affeeted. This is true 
for hyperparathyroidism, for Boeck’s sarcoidosis, for neoplastic diseases involv- 
ing the skeleton, in the phase of treatment with male and female hormones in 
carcinoma of the breast metastatic to bone, and during the prolonged use of 
corticosteroid therapy. Hyperealeemia is a serious complication of these con- 
ditions and is frequently preceded by a high urinary ealcium exeretion. The 
detection of the latter permits adequate early treatment of this complication 
and may prevent secondary renal insufficieney which can become irreversible 
and lead to death. The determination of urinary calcium excretion involves a 
complete 24 hour collection, and requires laboratory facilities and a 24 hour 
period in order to obtain accurate analysis. The availability of a quick and 
accurate qualitative method for urinary calcium exeretion which ean be cor 
related with approximate quantitative amounts of caleium is desirable. 

The Sulkowiteh test has been used for many vears as a qualitative indicator 
of urinary calcium exeretion. The present investigation was, therefore, initiated 
to study the correlation between the qualitative results and the quantitative 
determinations. The results obtained in this study indicate the great range 
of ealeium concentrations which correspond to any one classification of the test. 
When the elassifications of the Sulkowiteh test were correlated with different 
urine volumes which contained similar ealeium coneentrations, a tendeney for 
positive readings was noted as the urine volume decreased, although there was 
still a wide seatter of the results. Therefore, the correlation of the readings 
obtained with the Sulkowiteh test is similar, whether the readings are related 
to 24 hour urinary calcium exeretions or to caleium concentrations. 

Many factors play a part, both in the solubility of the calcium oxalate 
precipitate obtained with the Sulkowitch reagent and the rate at which this 
precipitation takes place"! These include the presence of various concentra 
tions of magnesium, citric acid, and other solutes which may be responsible for 
the greater seatter of the results of the Sulkowitceh test as related to urinary 
ealeium concentrations. Since the solubility of calcium oxalate is greater in 
urine than in water,’ *?'' the higher readings obtained with the Sulkowitel 
test in urine of similar ealeium concentrations as in calcium chloride solutions 
correspond to a greater apparent precipitate and one must assume that factors 
whieh influence particle size may also play a role. The initial urinary pH. has 
little influence on the reading since the Sulkowiteh reagent is a strongly but 
fered acid solution and the final pH is always less than 4 at the time the reading 
is taken. No discernible trend of the Sulkowitch reading in either direction i 
testing urines with an initial pH as high as 9 could be detected. The presence 
of ions with high valence, such as phosphate, presumably plays a role in affect 
ing particle size, ie., in causing aggregation and thereby altering th 
turbidity. The studies of the correlation of phosphorus concentration and t! 
readings of the Sulkowiteh test at a given ealeium concentration did not sul 
stantiate this assumption. Protective colloids are likely to affect particle siz 
The colloidal content of urine is probably insignificant and has been show 
not to influence the solubility of caleium oxalate.® 7 7)’*'° The readings « 
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the Sulkowiteh test performed on urines were not appreciably changed by the 
addition of polyvinyl aleohol which, however, is not comparable to the actual 
colloidal material present in urine. It is possible that the addition of other pro- 
tective colloids may result in a positive effeet. No satisfactory explanation could 
be found for the great variability of the results obtained. The wide range of 
the scatter indicates that the Sulkowiteh test is an unreliable indieator of hyper- 
ealeiuria and, thus, of hyperealeemia. As a elinieal and diagnostie aid, this 
test does not reliably refleet the actual magnitude of urinary ealcium exeretion 
and may be misleading as a screening procedure. For example, the urinary 
calcium coneentrations of 6 of 9 patients with proved hyperparathyroidism was 


an average 17.2 mg. per 100 ml. and the average 24 hour urinary ecaleium exere- 


tion was 33838 me. per 24 hours; the average serum calcium was 12.5 me. per 
100 ml. Typerealeiuria and hv perealcemia would not have been suspected in 
one third of the cases by using this test. Similarly, the urinary ealcium con- 
centration of only one of five patients with hypoparathyroidism was below 2.5 
me. per 100 ml. and the serum calcium was an average 6.1 mg. per 100 mi. 
The Sulkowiteh test would not have indicated hypocaleiuria and hypocalcemia 
in at least 50 per cent of these patients. Indeed, this test gave a two plus read- 
ing in one of these patients who was in tetany. The Sulkowitch test should be 
replaced, whenever possible, by quantitative analytie methods for urinary and 
serum calcium determinations. 


SUMMARY 


The results obtained with the Sulkowitch test on samples of 500 urine eol- 
leetions were related to the aetual concentration of urinary ealeium and to the 
24 hour urinary calcium exeretion. Some correlation was found between the 
classifications of the test and the urinary calcium concentration, but the degree 
i correlation was too poor for usefulness in clinieal interpretation. The wide 
scatter of the results indicates this faet. An attempt was made to clarify the 
actors responsible for the degree of seatter but no satisfactory explanation 
‘ould be arrived at. The Sulkowiteh test should be replaced, whenever possible, 

quantitative determinations of urine and/or serum ealeium concentrations 

nee newer methods are becoming available for faster and simpler quantitative 
eterminations of ealeium. 


We wish to thank Dr. Hiram FE. Hart for his helpful suggestions and advice. 
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COLORIMETRIC NINIFYDRIN METHOD FOR TOTAL ALPHA AMINO 
ACIDS OF URINE 
AveDIS KHACHADURIAN, M.D.,* W. EvuGenr Knox, M.D., AND 
ANDREA M. CULLEN, B.Sc. 
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{ s mple and precise method was necded for quantitative chemical 


determinations of total urinary amino. acids. The colorimetric ninhydrin 
reaction was adapted to do this without interfercnes from ammonia, urea, bound 
amino a ds, or traces of prote n. Conditions we re chose nil hich permitted large 
numbers of detcrminations to be made na day. Values eq! alent to a standard 


amino acid were obtained which represented SO per cent of the total free 
a-amino N present, with only small plus or minus variations attributable to the 


different amino acid compositions of different urines, caused by the ad frerent 


color uiclds of the individual amino acids. These valucs were comparable to 
those (po ted by accepted research methods of measurements. The total a-amino 
N cxrcrceted per milligram creatinine N was remarkably constant and this pei 


mitted comparative ASSAY of the amount erercted in sinale urine specimens. 
Vormal values for adults and children were determined. The method made it 
possible to dcetcet moderate aminoacidurias in such conditions as diabetes and 
some leukemias as well as the gross aminoacidurias in those conditions where 


this is the characteristic sian. 


po simple colorimetrie determination of amino acids with ninhydrin has 
not been used for the total a-amino acids of urine because of extra color 
contributed largely by ammonia and urea and beeause of the different color 
vields of the individual amino aeids. Urea did not give color under the 
conditions of the ninhydrin reaction developed by Mever,’ and this procedure 
vas used as the basis for a reproducible measure of the total a-amino acids 
t urine for clinical purposes, in place of the nonspecifie or time consuming 
eactions now available.2. The method is sufficiently accurate to detect elinieally 
ignificant alterations in the exeretion of some or all amino acids, and sufficiently 


inple to be used as a routine or screening method in a clinical laboratory. 


METHODS 


Ninhydrin gives a purple color when heated at a slightly acid pH with amino acids, 
monia, and certain amines. Under the conditions commonly emp!oyeds-5 the color yield 
irine from urea hydrolyzed during the determination is about double, and from _ pre- 


ied ammonia in the urine about equal to the color produced by the amino acids present. 
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With ethanol solvent and EDTA as used in the present determination, urea gave no color 
and preformed ammonia only about 10 per cent of the color from the amino acids present. 
Because of the wide variation in ammonia content of urines, both preformed and_ possibly 
produced by bacterial action, ammonia was first removed by simple distillation to an acid 
drop, patterned after the procedure used by Hotehkiss.6 With these conditions the eolor 
yield was not uniform for all amino acids, but was reproducible for each. An empiric 
value is therefore obtained, expressed as equivalent to an amino acid standard with full 
color yield, which usually accounts for at least 75 to 80 per cent of a-amino N present. 
Comparison between individuals is made on the basis of the a-amino N_ per milligram 


creatinine excreted in single samples of urine. 


Reaae nts and {pparatus. 


1. Carbonate-bicarbonate buffer, 0.2M, pH 10.5: Mix 40.5 volumes of 0.2M_ sodiun 
carbonate (anhydrous sodium carbonate, 21.2 Gm. per liter) with 9.5 volumes of 0.2M 
sodium bicarbonate (16.8 Gm. per liter). This is stable at room temperature. 


° - 


2. Ethylenediaminetetracetate (EDTA), 0.24 per cent in 0.15M acetate buffer, pIl 3.7: 
To 800 ml. distilled H.O add 9.0 ml. glacial acetic aeid and 2.4 Gm. ethylenediaminetetraceti« 
acid, disodium salt. Adjust to pH 3.7 with IN NaOH and make up to 1 L. with H,O. 


Store in refrigerator. 


3. Standard glycine solution: Dissolve 5.858 Gm. glycine in 100 ml. of ILO, Store 
frozen, Prepare a working standard by diluting 1 ml. of this solution in water to 100 ml. 
The resulting solution contains 100 meg. of glycine N per milliliter. Small samples were 


frozen to be thawed for daily use over a period of 1 or 2 months. 


4. Ninhydrin reagent: Ninhydrin (Eastman Organie Chemicals), 0.2 Gm., in 100 ml. 


absolute alcohol. Stable for 3 to 4 weeks at —9 or 5° C. in glass-stoppered bottle. 
5. Fifty per cent (v/v) ethanol solution. 


6. Test tubes graduated at 10 ml. and connected by ground glass joints to  finge: 
condensers or water or air condensers. Instead of ground glass connections, the connections 
may be made by fitting bored rubber stoppers around the lower ends of the condensers 
and attaching the test tubes to these. The rubber stoppers should be soaked in 90 per cent 
ethanol for 24 hours and boiled in water for 1 hour before they are attached to the 
condensers. In our experiments the stoppers also were wrapped with aluminum foil, in 


order to prevent contamination from the rubber during the alcohol refluxing. 


Procedure. 


»~ 


Ammonia removal: To 0.2 ml. of urine in a 25 or 50 ml. Erlenmeyer flask, add 
0.2 ml. of 0.2M carbonate buffer, pH 10.5, and mix well. Immerse the tip of a small 
funnel into 2N sulfuric acid so that a drop of acid adheres to the inner wall of the stem. 
Wipe the outer wall free of the acid and place the funnel with the acid drop hanging 
in the flask 1 to 2 em. above the liquid. After 2 hours or overnight at room temperature, 
remove the funnel and add 2 ml. of the EDTA acetate buffer, pH 3.7, to the flask. A blank 
and standards in two concentrations are prepared by adding to 0.2 ml. carbonate buffer 
and 2.0 ml. EDTA acetate buffer respectively: (a) 0.2 ml. H,O; (b) 0.1 ml. H,0 plus 


0.1 ml. glycine solution; and (c) 0.2 ml. glycine solution (100 meg. N per milliliter). 


These need not be subjected to the ammonia removing incubation. 


Color development: Pipette 0.3 ml. of the solutions (1.25 and 2.5 meg. glycine N 
in the standards) into test tubes graduated at 10 ml. Add 4 ml. of ninhydrin reagent 
Mix well, add a boiling chip (Hengar granules) and connect the tubes to the condensers 
Immerse the tubes to the level of the contained liquid in a boiling water bath, and remov: 
20 minutes after refluxing begins. Cool and make up the volume of the tubes to 10 ml 
with 50 per cent ethanol. Read optical densities within 1 hour at 570 mp in a Colema 


Junior spectrophotometer using 16 mm. (inside diameter) tubes. 
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Calculation: The optical density of standards minus that of the blank was linearly 
proportional to the @-amino N of the standard up to 3 meg. a-amino N per tube (Fig. 1). 
Determinations were made in the range of 0.6 to 2.5 meg. of a-amino N. Results for urine 
were expressed as the equivalent of the micrograms a-amino N of the standard per 
milliliter, All comparisons between individuals were made on the basis of the creatinine 


N of the same urine sample, determined by the method of Jaffe.7 
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Fig. 1 Concentration curve of standard glycine solutions determined by the ninhydrin method. 
Amounts of glycine N are the total per tube used in the color development 
RESULTS 

Performance.—The most eritical factor recognized was the need to avoid 
chemical contamination with microgram quantities of ninhydrin reactive mate- 
rials. The sensitivity of the method requires that all glassware and equipment 
used be scrupulously cleaned and rinsed with distilled water to avoid contamina- 
tion with reactive substances. The duration of refluxing increased color forma- 
tion up to 15 minutes, but no further color change with glycine solutions occurred 
between 15 and 30 minutes’ refluxing. Color formation in urine was slower 
nd was maximal at 20 minutes, and decreased by 3 per cent at 30 minutes. 
The color of the solutions after cooling faded only slowly. The loss at room 
temperature was about 4+ per cent in 5 hours. 

Color development with glycine and ninhydrin in ethanol and EDTA 
as maximal when the pH of the final reaction mixture before ninhydrin 
ddition was adjusted between pH 4.6 and 5.3 with 0.1M eitrie acid—0.2M 
hhosphate. The earbonate containing glycine or urine solutions used in the 
iethod had to be made more acid, pH 4.0 to 4.3, for optimal color. Presumably 
ie pH of these solutions rose to the optimal range during boiling. Mixtures 
- glycine in 0.2 ml. 0.2M carbonate buffer, pH 10.5, and 2.0 ml. of acetate 
iffer, pH 3.7, were in the optimal pH range when the acetate buffer used was 
15 to 0.3M. Changes in urinary salt concentration of the analyzed samples 
d not affect these conditions. 
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The mean optical density of 2.5 meg. glycine N standards determined on 
25 different days was 0.525 with a standard deviation of + 0.016. This variation 
was judged to be sufficiently large so that standards were run with each set 
of unknowns. Standards and determinations were run in duplieate. The mean 
difference between duplicate determinations on 52 samples of urine was 0.0027 
mg. a-amino N equivalent per milliliter, or about 4 per eent of the mean 
value of these samples. The mean difference between two determinations on 
different days (within 1 week) on frozen samples of 8 urines was 0.005 me 


per milliliter, also about 4 per cent of the mean value of these urines. 


Interfering Substances of Urine.—Protein in small amounts, urea, con- 
jugated amino acids, and ammonia in urine are the predominant substances 
which may interfere with the determination of amino nitrogen by the ninhydrin 
method. With the present modification of this method, these substances did 
not significantly affect the determinations. Representative experiments testing 
these effeets are shown in Table I. Protein present in as high concentration as 
in plasma produced extra color, but the protein could be removed by means of 
tungstic acid (1.0 ml. urine, 0.2 ml. 10 per cent sodium tungstate, and 0.2 ml. 
of 24N H.SO,, then filtration) before the determination. Small amounts of 
protein (1 plus or 2 plus) did not affeet the determination. Urea gave no 


eolor when tested in the highest coneentration to be encountered in urine. 


TABLE I. Errects oF PROTEIN, UREA, AND AMMONIA ON NINHYDRIN REACTION 


EQUIVALENT MG. 


DETERMINATIONS a-AMINO N/ML. 

Urine 1: 1 + protein’ 0.107 
Urine 1: tungstie acid filtrate 0.110 
Urine 2: 0 protein 0.153 
Urine 2 + 0.1% bovine albumin: 4 + protein 0.157 
Urine 2 + 0.1% bovine albumin: tungstie acid filtrate 0.152 
Urea: 18.7 mg. N/ml. 0 
Hippurie acid: 47 wg N 0 
Phenylacetylg’utamine: 86 ug N ) 
Creatinine: 532 wg N 0 
Urine 3 0.177 
Urine 3 + (NH,), SO,: 2.6 mg. N/ml. 0.176 
Urine 3 No distillation 0.203 
Urine 3 + (NH,), SO,: 

216 mg. N/ml, No distillation 0.246 
NH,), SO,: No distillation 0.024 

212 mg. N/ml. (2.12 mg. N/ml) ¢ 

NH,), SO,: 2 hr. distil'ation 0.004 

212 mg. N/ml. (0.32 mg. N/ml.) 

NH,), SO,: t hr. distillation 

212 mg. N/ml. 0.17 mg. N/ml.) 

NH,), SO,: 6 hr. distillation 

212 mg. N/ml. (0.04 mg. N/ml.) 

NH,), SO,: I8 hr. distillation 

212 mg. N/ml. (0 mg. N/ml.) 


*Protein measured semiquantitatively by clinical method of boiling with acetic acid 
*Ammonia determinations by Nessler’s reagent 
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Hippuric acid and phenylacetylglutamine, tested as samples of the bound 
amino acids of urine that can be liberated by aeid hydrolvsis,® as well as 
creatinine, gave no eolor in. the procedure, The color vield from ammonia 
when not removed was low and variable, about 0.5 to 1.5 per eent of that 
from equimolar amounts of elveie. Amounts which might be expected in 
undecomposed urine could, therefore, contribute as much as 15 per cent of 
the color produced trom amino acids. Only an insignificant amount of color 
eaused by ammonia would be expected after at least 2 hours’ distillation of 


the sample as deseribed. 


TABLE Il. ReEcOVERY OF 75 McG. GLYCINE N ApbpED TO 8 URINES 


URINE ALONI URINE + GLYCINI 
a-AMINO NITROGEN a-AMINO NITROGEN RECOVERY OF ADDED GLYCINI 

MG./ML. MG./ML. (% 

0.056 0.131 100 

0.073 0.145 98.7 
0.053 0.126 98.4 
0.178 0.263 103.9 
0.069 0.150 104.1 
0.069 0.135 93.8 
0.06] 0.140 102.8 
O.O18 0.0902 98.9 


Recovery of Amino Acids Added to Urine—Table IL shows the reeovery 
of added glycine from 8 urine samples. Similarly complete recovery was ob- 
tained with a mixture of equal amounts of 20 amino acids added to urine, 
based on the color vield of the mixture itself. The additions were made before 
the overnight distillation of ammonia from the urine; this indieated that 
overnight incubation with the alkaline buffer did not result in a net gain or loss 
of ninhydrin reacting material. 


Relation of Observed Color to Total Urinary a-Amino N.—-Some of the 
amino acids yielded less color than others. As with all other methods used 
to determine the total a-amino acids of urine, the value obtained was less than 
the total present and depended upon the individual vields of the amino aeids 
and upon the composition of the mixture. Experiments designed to assess 
the signifieance of these variables indicated that the color vield of an amino 
acid alone or in mixtures was constant, and that total color equivalent to 
about 80 per cent of the total a-amino N in an average urine was formed. 

Table IIT lists the color yields of the individual amino acids tested in 
comparison with an equimolecular amount of glycine. Proline and asparagin 
formed very little color. In addition to phenylalanine, tyrosine, and tryptophan, 
which Meyer’ reported gave less than full color yield under similar conditions, 
also taurine, threonine, arginine, and the histidines gave ineomplete color 
vields in our proceedure. Taurine, the histidines, and glycine account for most 

70 per cent) of the free a-amino N in adult urine. The average color yield 
tor the 22 amino acids tested was 80 per cent of that from glycine. The observed 
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vield for a mixture of equimolar amounts of all the amino acids was 82 per cent 
of that from the same total amount of glycine. The color yields of the amino 
acids tested individually or in aqueous mixtures appeared to be constant. 

The composition of the average amino acid mixture found in the urines 
of 8 men by Stein® is also given in Table III (column 2) and the fraction 
determined by the present method has been ealeulated from these amounts times 
the color yields of the individual amino acids (column 3). Color equivalent 
to about 80 per cent of the total e-amino acids should be produced by the present 
method in an average urine. The average determined values from 14 urines 
given later (Table VIL) is better than 80 per cent of the average reported 


from the 8 analyses by column chromatography by Stein.* 


TABLE III. CoLork YIELDS OF AMINO ACIDS SINGLY AND IN URINI 


(1) 

INDIVIDUAL COLOR (2) (3 

YIELDS WITH NINHYDRIN MEAN AMOUNTS IN COLUMNS 1 x 2 
(GLYCINE = 100%) 8 URINES* CALCULATED AMOUNTS 
AMINO ACID (%) (pM/24 HR.) (pM/24 HR.) 
Taurine 50 1,240 620 
Aspartic acid 160 <75 <75 
Threonine 80 235 188 
Serine 100 409 409 
Asparagine 15-20 409 82 
Glutamie acid 100 < 69 < 69 
Glutamine 90 685 617 
Proline 6 < 87 <5 
Glycine 100 1,760 1,760 
Alanine 100 5*7 517 
Cystine 100 < 42 < 42 
Valine 100 <85 <85 
Methionine 100 < 67 < 67 
Isoleucine 100 137 137 
Leucine 100 108 108 
Tyrosine 70 193 135 
Phenylalanine 70 109 76 
Histidine 80 1,393 1,114 
1-Methylhistidine 80 1,065 851 
Lysine 100 130 130 
Arginine 60 57 34 
Tryptophan 50 
Average color yield 80% Total 8,872 Total 7,121 (80.3%) 
Observed yield of 
mixture 82% (80.3% of Column 2 
*Stein. 


Comparison With Other Methods.—Direct comparisons were made between 
determinations on 7 normal and pathologie urine samples by the present method 
and by two other procedures. One of these is the naphthoquinone-4-sulfonate 
procedure of Folin applied to the mixture of amino acids from urine after 
their adsorption and elution on an ion exchange resin. Sobel and co-workers” 
concluded that this was the method of choice for clinical determinations in 
their comparison of the gasometrie ninhydrin, copper binding, and Folin 
methods, both with and without preliminary isolation of amino acids on a resin. 
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The second procedure was the gasometric N-bromosuccinimide method described 
by Chapelle and Luck.® This method gave stoichiometrie yields of CO. from 
single amino acids and peptides, but we noted a slow formation of additional 
CO, from amino acid mixtures. The reaction was arbitrarily stopped after 40 
minutes when the amino aeid standards had reacted, but as a consequence 
of the slow drift the values obtained from urine samples were high.* The 
results (Table IV) indicate that the differences between different urines de- 
termined by several methods are not constant because of the effect of the 
changing compositions of the amino acid mixtures on the methods. In all 
but two samples the present method gave 20 to 40 per cent higher results 
than the naphthoquinone method. In the latter method taurine is not deter- 
mined and other amino acids are recovered only to the extent of 87 per cent. 


TABLE LV. COMPARISON OF a-AMINO NITROGEN LEVELS IN URINE DETERMINED BY NINHYDRIN, 
N-BROMOSUCCINIMIDE, AND NAPHTHOQUINONE METHODS 


NINHYDRIN 


METHOD NINHYDRIN METHOD — NINHYDRIN METHOD sai 
(MG. a@-AMINO | N-BROMOSUCCINIMIDE METHOD NAPHTHOQUINONE METHOD 
SUBJECT | N PER ML.) (%) (%) 
Wh 0.213 65 120 
Fe 0.018 26 129 
3a 0.095 115 138 
Tr 0.105 40) 328 
Wa 0.106 99.5 989 
Al 0.207 51 148 
Bu 0.211 81 135 


ABLE V. a@-AMINO NITROGEN IN URINE OF A HEALTHY MAN ON A CONSTANT NORMAL DIET POR 
9 Days 


@-AMINO N EXCRETED 


a-AMINO N IN 24 HR. a-AMINO N 
DAY (MG./ML. ) (GM.) CREATININE N 
1 0.089 0.119 0.17 
2 0.078 0.078 0.10 
3 0.048 0.060 0.10 
4 0.090 0.101 0.12 
5 0.088 0.095 0.12 
6 0.084 0.111 0.12 
7 0.118 0.136 0.18 
8 0.119 0.140 0.18 
9 0.192 0.165 0.23 
Mean +8.D. 0.101 + 0.041 0.112 + 0.035 0.15 + 0.045 
efficient of 
variation 
{ 8.D. —_ - 
\ iteen * 100 ) 40.6% 31.2% 30% 


n all samples, the present method gave lower values than the admittedly high 
‘sults by the gasometrie method. By both comparisons the values of the 
esent method were reasonable. 


*An adaptation of this method has subsequently been published: Knauff, H. 
Imair, H.: Die Bestimmung der freiern a-Aminosiure 
nometrischen Verfabtens, Ztschr. physiol. Chem. 317: 108, 


i ; ; G., and 
im Harn mit Hilf eines neuen 
959. 
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Determinations.—A_ series of determinations on the complete urine col- 
leetions of a man maintained on a constant normal diet for 9 days are given 
in Table V. Expression of amino aeid exeretion per milligram creatinine N 
was chosen from this and other experience’® as the most useful basis for com 
parisons between the exeretions of people on different diets and of different 
ages, and also beeause of the convenience of using single specimens. The 
variations in exeretion observed during this constant regimen were similar 
per milligram creatinine N and for the eomplete 24 hour collections. The 
coefficient of variation (S.D./mean) around the mean per milligram creatinine 
N was 30 per cent. Abnormal excretions must, therefore, depart even more 
than this from the norm to be recognized. 


TABLE VI. a@a-AMINO NITROGEN IN URINE OF NORMAL ADULTS 


a-AMINO N 


GM./GM. 
SUBJECT CREATININE N MG. PER 24 HR. 

1 0.19 ~— 
2 0.12 Sl 
3 0.15 114 
4 0.18 109 
§ O.15 119 
6 0.13 101 
7 0.19 101 
8 0.11 60 
9 0.17 90) 
10 0.20 98 
11 0.19 151 
12 0.21 137 
13 0.12 107 
14 0.17 108 
15 0.30 "264 
16 0.20 
17 0.17 
18 0.15 

Mean +8.D. 0.17 + 0.045 117 +48 

Coefficient of variation 26.5% $1.007 


Similar determinations on single 24 hour urine collections of 14 me 
eating regular diets showed a lesser variability of amino acid exeretion whe 
expressed per milligram creatinine N than per 24 hours. The mean excretio! 
for a group of 18 men was 0.17 + 0.045 mg. a-amino N per milligram creatinin: 
N, or 117 mg. a-amino N per 24 hours (Table VI). These means are compare: 
in Table VII with some other excretion values obtained by the two most reliab|: 
methods, gasometric ninhydrin and column chromatography. Although it wa 
ealeulated that the present method would determine about 80 per cent of t! 
a-amino N revealed in urine by column chromatography, the mean values |} 
all methods show sufficient variation to obscure this difference. The preset 
values are comparable to the others, and almost unique among the simp 
eolorimetrie methods in that non-amino acid substances are not measured a1 
erroneously high values are not given. Its clinical utility will be prejudic 
only to the extent that small but clinically important variations occur in t! 
exeretion of those amino acids not fully measured by the method. 
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TABLE VIL. a@-AMINO NITROGEN LEVELS IN URINE DETERMINED BY DIFFERENT METHODS 


a-AMINO N 


MG./DAY GM./GM. CREATININE N 
SUBJECTS SEX MEAN + S.D. MEAN +S.D. METHOD AND REFERENCE 

14 M 117+48 
18 M 0.17 + 0.045 Present 

{ oa 147 mg./L.) CO, ninhydrin! 

8 Mand F 158 CO, ninhydrin!2 
13 N 101 +39 CO, ninhydrin13 
1] K 126 + 67 

8 M 120 [on exchange (+glutamine)8 
l — 97 [on exchange (+glutamine)14 
3 M 

l F 70 Ion exchange (+glutamine)15 
12 = 0.14 Resin adsorption, ninhydrin16 
12 100-160 


CO, ninhydrin!7 


Determinations were made on a number of pathologie urines, ineluding 
eases of phenylketonuria and eystinuria which are each characterized by the 
excessive excretion of one of the incompletely determined amino acids (phenyl- 
alanine and arginine, respectively Determinations were also made of the 
urinary amino acid excretion of children, sinee it is known that per milligram 
of ereatinine infants exerete about 3 times more amino aeids than do adults, 
and that this diminishes until sometime after 10 vears of age when the adult 
level is reached." 

The determinations shown in Table VIII clearly refleet the age dependent 
amino aeid exeretion in children of about 3 times the mean found for adults in 
the groups we studied. The occasional excessive excretion by leukemie children 
which was observed is also shown. The excretion in leukemie children could 
not be correlated with type of leukemia, remission or relapse, or treatment. 
PABLE VIIT. a-AMINO NITROGEN IN URINES OF NORMAL CHILDREN AND OF CHILDREN WITH 


LEUKEMIA 


NORMAL CHILDREN LEUKEMIC CHILDRFN 





AGE a-AMINO N AGE a-AMINO N 
( YR.) (GM./GM. CREATININE N ) (YR.) (GM./GM. CR&ATININE N ) 
1540 0.68 3% 0.62 
25/5 0.54 4 1.32* 
2615 0.51 4240 1.10 
3340 0.59 5 1.32 
4 0.59 5 0.42 
5 0.19 6 0.52 
g 0.41 6 1.44* 
13445 0.33 6845 0.72 
8Ho 0.27 
9440 0.76 
1390 0.46 
145} 0.61 


Mean +38.D. 


aminoaciduria. 


*A\verage of 7 


days’ 


0.46 + 0.16 


determinations 


Mean +8.D. 


0.80 + 0.419 


Table IX lists the values found in a variety of other conditions characterized 


The method clearly indieates a significant aminoaciduria 
idult leukemia and diabetes. 


In neither of these diseases was there notable 
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correlation with the stage or treatment of the disease. The aminoaciduria was 
less striking than in the elassie forms of aminoaciduria, but showed that the 
method eould identify a group of patients excreting about twice the normal 
amount of amino aeids. The elevated exeretion found in one patient with 
eareinoid was an interesting finding. Other tests demonstrated the presence 
of 5-hydroxytryptophan in this urine. Suffieiently high values of amino aeid 
excretion to be of diagnostic importanee were found in the eases of phenyl- 
ketonuria and eystinuria even though these represent specifie aminoacidurias of 
only one or a few amino acids. Two eases of documented osteomalacia confirmed 


the fact that aminoaciduria is present only in some of these eases."* 
TABLE IX. a-AMINO NITROGEN IN URINE OF ADULTS WITH DIFFERENT DISEASED STATES 


a-AMINO N 
GM./GM, CREATININE N 


NO. OF SUBJECTS DIAGNOSIS MEAN + S.D. 
18 Normal males 0.17 + 0.045 
10 Leukemia 0.31 +0.11 
10 Diabetes 0.37 + 0.112 

3 Phenvlketonuria range 0.40-1.45 
1 Careinoid 0.33 

] Cvstinuria 0.73 

] Neurotibromatosis £57 

1 Fanconi’s syndrome (adult) 9.9 

1 Osteomalacia 1.1 

] Osteomalacia 0.29 


DISCUSSION 


Consideration of the relatively few available studies of the urinary amino 
acid exeretion by reliable methods in relation to the variety of eonditions in 
which aminoaciduria is already known to oceur, indicates a need for a reliable 
quantitative method suitable for routine clinical use. The present method 
was designed for this purpose. One person ean run at least two sets of 
determinations, ineluding the ammonia distillation, in a working day. The 
number per set is limited only by the number of condensers it is convenient 
to use. A dozen determinations were regularly run at a time without difficulty. 
This is a very great increase over the number of determinations which ean be 
run by the gasometrie ninhydrin or column chromatography methods, and 
more than can be run with another good method which uses a preliminary 
ion exchange resin treatment and determination by naphthoquinone sulfonate. 
The expression of results per milligram of creatinine N not only provides 
comparability between individuals of different body size but avoids the necessity 
of complete urine collections for analysis. 

An additional advantage of the procedure is its adaptability to the deter 
mination of the plasma amino acids. Preliminary experiments’® showed that 
tungstate filtrates were suitable for assay, and that ammonia removal was 
unnecessary. No correction was needed for urea as in the other ninhydri 
procedures which have been used for this purpose.’ The totals determine 
in this way would be subject to the same reservations as for urine, arisins 
from incomplete determination of some of the amino acids. 
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In a chemical sense determination of total urinary amino acids by any 
available method-appears to be an approximation. In column chromatography 
this approximation is minimized by the preliminary separation of the individual 
amino acids and the determination of each under the most appropriate con- 
ditions. Other methods all involve some compromise between the conditions 
optimal for determining the various amino acids. Thus the gasometrie nin- 
hvdrin method is accepted as the standard measure although it does not 
determine taurine. This compound forms a large part (ea. 30 per cent) of 
the total amino acids in urine. Similarly, the colorimetric ninhydrin procedure 
does not determine proline and several other amino acids are incompletely 
determined. Peptides form color with ninhydrin although they do not release 
CO.. The latter souree of erroneously high values in the present method has 
not been fully assessed, since little is known of the peptides in urine. About 
twice as much bound amino acid liberated by acid hydrolysis as free amino 
acids are present in urine, but most appear as eonjugated forms which do not 
produce color with ninhydrin rather than as peptides.® 

The average normal amino acid exeretions measured by the different 
methods mentioned are all comparable, but sinee they do not measure 
specifie chemical substance, it 


a 
is to be expected that changed compositions 
of the urinary amino aeid mixtures met elinically would be estimated to 
varving degrees by the different methods. The methods for total amino acids, 
therefore, have mainiy an empirie use: to detect abnormal excretions which 
may then be studied in more detail by more exact proceedures. It appears 
from the analyses that the present method ean detect reasonably small changes 
from the normal in the total amino acid exeretion. Changes in the pattern 
of amino aeids exereted without change in the total would not be reliably 
deteeted by any of the methods for total amino aeids except column chromatog- 
raphy, and qualitatively by paper chromatography. 

A uniform vield of eolor from eaeh amino acid in urine eould not be 
‘btained by any of the many conditions tried in the present work. The yields 
btained were apparently sufficient to make the procedure usable, but less 
niform than expeeted. Mevyer' reported that only 3 amino acids (tyrosine, 
henyvlalanine, and tryptophan) besides the prolines gave incomplete vields 
color under the conditions used here, and that ammonium ions gave no color. 
Ye obtained ineomplete vields from other amino acids as well, and _ slight 
lor from ammonia, even when his conditions were applied to single compounds. 
severtheless, the procedure was superior to any other tried. Among the modi- 
‘ations tried were the color development in the presence of eyanide according 

the procedure of Troll and Cannan®® which gave nearly complete color 
elds from all amino acids but also color from urea. The removal of urea 
urease, followed by ammonia distillation, resulted in color traceable to the 
ease which eould not be conveniently eliminated. Omission of ammonia 
moval did not greatly alter the values in most determinations, but was a 
tential souree of large error. 
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SUMMARY 


1. A ninhydrin colorimetric determination for total e-amino N in urine 
is described, in which urea, ammonia, bound amino acids, and small amounts 
of protein cause no interference. 

2. By this method at least 80 per cent of the total free a-amino N ot 
urine was measured within + 5 per cent. A large number of clinical determina- 
tions can be done in a reasonable time by this method. 

3. Normal values excreted per milligram creatinine N by normal adults 
and children were determined. Excretions in a variety of conditions with 
moderate or great aminoaciduria were also given to illustrate the usefulness 
of the procedure. 


We are particularly indebted to Dr. Sydney Farber for samples of urine from leukemic 
children, to Dr. Rapier MeMenamy for urines from leukemic adults, and to Dr. Alexander 
Marble for urines from diabetic patients, as well as to other physicians and volunteers for 
collections and samples used in this study. 
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